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ABSTRACT

Appropriate technologies, as simple, energy efficient advancements that are
appropriate for the context, improve lives locally and around the world. The
continued use of these technologies is fundamental for solutions to address
concerns about the environment and standards of living today. It is important to
understand the learning of these technologies as meaningful connections to
facilitate their ongoing use. This qualitative research with case study methodology
and a focus on social learning, specifically investigated the learning that occurs
which sustains the use of residential solar photovoltaic (PV) technology. This
study defines sustaining learning, demonstrating that the process: is motivated by
finances and helping the planet; originates with a family member as a passionate
initiator; highlights prior knowledge by connecting with a passion in people’s
backgrounds; involves learning with others both inside and outside the home;
inspires further learning for future applications, and; involves less learning post
installation than anticipated. Implications include those for family members and
solar technology companies to continue to make meaningful connections for
enduring solar technology use.
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CHAPTER 1
INTRODUCTION
Problem Statement
The use of appropriate technology has the potential to improve lives locally and
around the world. Inspired by Gandhi, the field of appropriate technology was formally
established by British economist Ernst Friedrich Schumacher (1973). Schumacher
described in his book Small is Beautiful advancements which are simple, low cost, small
scale, and make sense for a particular context. Often synonymous with simple
technology, appropriate technology was further defined as energy efficient,
environmentally sound, community controlled, and locally sustained (Office of
Technology Assessment, 1981). Appropriate technology also fills a local need (Pearce,
2006), and within this compelling feature is the ability for people to adapt a technology to
satisfy their needs, making it truly their own. The advancements take many forms
worldwide, such as portable classrooms, fresh water wells, solar powered lanterns, and
the One Laptop Per Child initiative to provide children with computers in developing
countries. Incorporating many areas of study, appropriate technology represents the
mindful use of technology, exemplifying the ability of humans to live in greater harmony
with their surroundings as they address key issues toward a healthier planet.
In contrast then, inappropriate technology is typically complex, expensive, large
scale, energy inefficient, run by outsiders to fill others’ needs, and disrespectful of the
environment and the context. The attributes describe most technology today. Heidegger
(1977) warned against the danger of modern technology as aggressive, forcing activities
and taxing resources, including humans. He explained technology with Aristotle’s
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doctrine of the four causations. The four causes are the material (silver), the form (a
chalice), the end (the particular ceremony for which the chalice is used), and that which
brings about the finished effect (the silversmith). The “four causes are the ways, all
belonging at once to each other, of being responsible for something else” (p. 7). All
aspects are indebted to, owe thanks to, the others. All are co-responsible for the others.
Most forms of technology today do not uphold the harmony of the four causes. Heidegger
noted that the nature of modern technology creates an imbalance in the causations enough
that all resources including humans risk being at the service of technology.
What makes appropriate technology different from other forms of technology is
its pro-environmental nature, its greenness. The very greenness makes the learning
different. By virtue of its greenness, appropriate technology is worth understanding. The
greenness aids in restoring the balance of the four causes vital to our well-being. The
greenness makes appropriate technology worth learning, worth sustaining. The greater
purpose of well-being on this planet is worth it.
The continued use of appropriate technology is fundamental in solutions which
address concerns about the environment and standards of living today. This basic
advancement in people’s way of life holds potential to significantly improve lives.
Pisante, Stagnari, and Grant (2012) acknowledged the importance of appropriate
technologies as “innovative solutions that are relevant, acceptable and attractive for local
populations” (p. 308). Tharakan (2006) clarified more fully that, for an appropriate
technology to be effective in the long term, it must be sustainable by the people who use
it. Further inquiry is needed to develop understanding of the continued use of appropriate
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technology to ensure its many benefits. Jhurree (2005) urged further research in particular
to better understand reasons for continued use of appropriate technology.
It is especially important to investigate why the use of an appropriate technology
continues for more than two years beyond implementation and use in early stages
(Bunch, 1999). It is further necessary to understand these reasons not with an outside
view but through an inside perspective, within a group who has continued the use of an
appropriate technology successfully (Baker & Edmonds, 2004). In particular, as
education has a vital role in the continued use of appropriate technologies (Staniskis &
Stasiskiene, 2006), it is necessary to understand the learning that occurs related to the use
of an appropriate technology.
The existing literature which involves appropriate technology typically describes
examples of the technologies (Murphy, McBean, & Farahbakhsh, 2009; Willoughby,
1990) and explains the advantages of the technologies in diverse situations (Andree,
1982). Often, the literature reports on technologies which are unsuccessful, with
suggestions for the reasons why the use of the technologies is not continued (Smith,
2010). Successful continued use of appropriate technologies does happen around the
world (Williams, 1992). However, the literature surrounds a key concern which is not
addressed directly.
Little research is available, specifically, to provide better understanding of how
people engage with an appropriate technology and continue its use long-term. This study
addressed the need to better understand why the use of an appropriate technology is
successfully continued, not why the use of an appropriate technology is unsuccessful.
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More needs to be understood about the learning which facilitates the successful,
continued use of an appropriate technology for local and global benefit.
Purpose of the Study
Appropriate technologies have the potential to improve standards of living and
enhance people’s lives, but greater insight is needed to understand why their use endures.
The purpose of this research is to explore the learning that occurs within a group which
sustains the use of an appropriate technology, through a perspective gained from inside a
group which successfully continues the use of the technology.
Research Question
The study was directed by the research question: What learning occurs within a
group which sustains the use of an appropriate technology? Questions that support this
fundamental question were asked of participants during interviews to better understand
their learning.
My view of learning has a cognitive science base. Learning is a process that
combines existing knowledge with new information, to create new knowledge
(Willingham, 2009). Learning may be evident with a change in behaviour, although the
process can also occur and not be immediately apparent, such as when it involves a
change in values. A new or deepened understanding is the point. Inherent in this
expansion of understanding is making connections and making meaning (Zittoun &
Brinkmann, 2012).
Significance and Rationale
The use of appropriate technology holds significant potential for humans to live in
harmony with their surroundings. Continued use of appropriate technology requires that
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people find meaning for the technology in their lives—meaning as the connections people
make for relevance in their lives—through the process that is learning. The learning
through which an appropriate technology endures is the focus of the current study.
The ability to sustain involves means to encourage, nourish, and endure (Oxford
Encyclopedic English Dictionary, 1991), and can be generally understood to be
synonymous with maintain. However, sustain reflects an environmental ethic as well, as
the use of appropriate technology is environmentally sound practice. Sustaining learning,
a term originating with this study, refers to nuances of learning related directly to
sustaining an appropriate technology, expressed as a blend that captures the two inherent
aspects of the phenomenon studied.
This research was a qualitative inquiry into the learning that occurs in a group
which continues the use of an appropriate technology. Case study methodology (Yin,
2009) with multiple sources of data, including field work with people in their natural
setting for participant interviews and observation to gain first-hand accounts, afforded
greater insight into the learning that facilitates lasting use of a technology. This inquiry
into the learning experiences of the participants was a profound opportunity to deepen the
understanding of the learning that sustains an appropriate technology.
As a unique chance to investigate learning, this study is significant in several
ways. It bridged a gap in existing knowledge by providing in depth understanding of the
ways that people create meaning for a technology which promotes the continued use of it
in their lives. Uniquely focussed on the learning that happens related to a technology as
relevant to sustaining its use, this research not only addressed a gap in the literature but
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also problematized and presented a fully new idea (Sandberg & Alvesson, 2011), as none
of the studies found in the literature specifically focussed on the issue of learning.
The study addressed a key concern that is not adequately addressed in the
literature, as the learning which occurs related to the ongoing use of a technology, to
better understand the learning itself. Inquiry into people’s learning about their technology
may provide insight into the connections people make which promote long-term
technology use. Conducted differently than the quantitative studies that are typically used
for technology related research, this qualitative case study contributes new data to our
knowledge and represents other methods of research (Boote & Beile, 2005). This study
also meets Yin’s (2009) description of a case study that is a revelatory investigation, as
formal research into a phenomenon which is rarely studied. Appropriate technologies are
often simple changes that greatly improve people’s quality of life. The use of appropriate
technology has considerable potential for humans to live harmoniously with their
surroundings. Epitomising philosophies and practices that promote sustainability,
appropriate technologies themselves must be sustained, and I wish to contribute to the
understanding of how that can happen. As advancements that make sense for the context,
appropriate technologies make sense for us all.
The findings of this study may contribute to the advancement of our
understanding of the successful, continued use of appropriate technology. The study may
contribute to our understanding about the ways in which people make meaning of an
appropriate technology in their lives and the learning that facilitates the successful,
continued use of an appropriate technology for local and global benefit. The study is of
special relevance to those who are interested in appropriate technologies, and to
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educators and researchers, particularly in the areas of educational technology and its
“creating, using, and managing appropriate technological processes and resources”
(AECT, as cited in Molenda & Januszewski, 2008, p.1), and environmental education,
combining education, economics, ecology, and equity (Staniskis & Stasiskiene, 2006). As
an inquiry into the enduring use of a technology to improve lives, inspired uniquely by
human contexts, this study focussed on education and serves to inform the development
and continued use of appropriate technology in settings in the future.
Positionality
I include my positionality as researcher for this study, acknowledging biases that
influence the research and the outcome (Savin Badin & Major, 2013). I believe that we
largely create our world, and how we interact with its elements directly influences our
welfare within it. Our ability to live—usually how we wish—comes with a responsibility
to respect our part on the planet. A background in the arts and education contribute to my
belief that everything is connected. The presence of technology in my life increased
recently with graduate studies.
I believe that personal experiences are vital to people’s understanding of
themselves and their surroundings. Consequently, the worldview that guides my general
orientation about the world and about research (Creswell, 2008) is constructivism. With a
focus on personal interactions, context, and interpretation based on experiences
(Creswell, 2014), this outlook shapes my research. I involve perspectives of different
participants. People, included me as a researcher, have individual views with subjective
understanding based on their unique backgrounds and experiences. These views are
valuable in developing a fuller answer to a research question. With interviews in
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participants’ natural settings and many open-ended questions, qualitative research is my
preferred approach to formal inquiry.
During my Masters degree in educational technology, a class in technology and
society included a unit on appropriate technology and piqued my interest in the topic. The
concepts were both familiar and fresh. This field of study which was new to me
academically resonated with me experientially, in long-time, everyday practice. I relished
efficient approaches to living and for many years sought to simplify. With steady
reminders of the lack of care in the way we inhabit the planet and the consequences of
being disconnected from our surroundings, I thought often about the integrity of
balancing human need with mindful use of resources. I also found that simple changes
with appropriate technology can greatly improve people’s quality of life. In the media, I
noticed changes occurring in developing countries with simple adjustments in the way
farmers improved their crop production. People living in the jungle gained night vision
with solar-powered lanterns. Safe water became readily accessible using simple water
filtration systems. Closer to home, I saw examples such as the portable classrooms that
allowed schooling to resume despite hurricane damage.
Commonly, these basic improvements in people’s lives seemed to be by choice
not by chance, and long-term success with the endeavours involved personal cognitive
and emotional investment. I had a deep sense that for people to engage with these
changes in meaningful, sustained ways, learning was important. With much initial
consideration, and only slight rewording since the start of my doctoral studies, my
research question became: What learning occurs within a group which sustains the use of
an appropriate technology? The research question in my doctoral program admissions
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letter included the wording “facilitates the ongoing use” which I later refined to “sustains
the use”. In early doctoral studies, I clarified that to best answer my research question I
needed to conduct a case study. With this methodology, I could gain a detailed
understanding of experiences and honour the nuances of the process I wished to study.
Appropriate technology resonates with my environmentalist beliefs. My efforts to
reduce consumption of energy and resources stem from my interest in caring for the
planet. Rooted in the garden as a toddler with my mom, I began to understand the quiet
balance of nature and humans. Now I believe the balance is required for Earth to recover
from the wear of human entitlement and continue to be inhabitable. I consider appropriate
technologies to be among the most noble of human endeavours. In contrast with
consumerism, wastefulness, and demands for high technology, appropriate technologies
are resourceful, efficient, mindful ways to live respectfully with our planet.
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CHAPTER 2
GUIDING PERSPECTIVES
Introduction
This chapter provides an explanation of the four guiding perspectives for this
inquiry, including social constructivism (Vygotsky, 1978), social construction of
technology (Pinch, Hughes, & Bijker 1987), social cognitive theory (Bandura, 1986), and
the technology acceptance model (Davis, 1986). This study is oriented by my worldview
(Guba & Lincoln, 1994) of constructivism, in which reality is actively constructed, that
Creswell (2014) described as including individuals’ subjective meaning of experiences
and a focus on context. A subjectivist epistemology leads me to believe I can create
meaning from the data gained in interactions with participants (Kivunja & Kuyini, 2017).
With a relativist ontology, I believe participants have multiple realities for the learning I
explored to develop an understanding (Chalmers, Manley, & Wasserman, 2005).
Vygotsky’s (1978) social constructivism is a guiding perspective of this study, premised
on social interaction as vital for learning. Social construction of technology (Pinch,
Hughes, & Bijker 1987) is the second guiding perspective, reflecting the nature of
technology in this research as a vehicle for the learning studied. Bandura’s (1986) social
cognitive theory provides a third perspective, with emphasis on cognitive and social
influences in learning. The technology acceptance model (Davis, 1986) also contributes
to the study related to the participants’ process of technology adoption. Together, these
four perspectives guide this inquiry.
Social Constructivism
Social constructivism guides this study, as a perspective that involves how people
create understanding through their interactions (Creswell, 2008). With adoption and use
10

of a technology, people make a change in the way they previously lived. The learning for
this change involves constructing knowledge by integrating prior knowledge with new
knowledge to construct new understanding (Ormrod, 2008). Continued use of a
technology suggests that the technology has some relevance in people’s lives—that
people have constructed some meaning for it. How people share their understanding of a
technology may also contribute to sustaining the technology, and social constructivism
was involved in that shared inquiry. Enduring technology use was foreseen to be largely a
result of a people learning jointly, affirming the relevance of social learning for this
study.
Social constructivism is attributed to Vygotsky (1978), who asserted that humans
actively participate in their own development. He believed that learning is needed for
development and stressed that development occurs in a social cultural context. He
believed that a child’s basic mental functions gain complexity and become higher mental
functions through sociocultural interaction. For Vygotsky (1987), consciousness is the
ability to perceive meaningfully, and is not a collection of isolated changes but “develops
as a whole … [in] a system of connections among its parts (Liu & Matthews, 2005).
Vygotsky (1978) developed the zone of proximal development, which is the
distance between a learner’s “actual development level as determined by independent
problem solving and the level of potential development as determined through problem
solving” (p. 86). The concept includes what a learner can do independently, what is
beyond a learner’s ability, and what a learner can do with the assistance and
encouragement of a skilled helper. With the concept in mind, instructors involve learning
experiences based on previous learning (Willingham, 2009) to appropriately challenge
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students to enable successful new learning.
As part of the zone of proximal development, Vygotsky’s (1978) second key
concept is the skilled helper whom Vygotsky termed the “more knowledgeable other” (p.
13). The more knowledgeable other may be an adult, a person who is younger than the
learner, a peer, or an electronic tutor. The more knowledgeable other must have more
understanding or ability than the student. As the student becomes more competent, the
more knowledgeable other allows more independence. Vygotsky viewed tools and
technology in connection with the more knowledgeable other, as they enable a student to
accomplish something with help.
Some readers believe that individualistic learning and development are not
relevant in social constructivism. Yet, Vygotsky (1978) incorporated individual
construction, asserting that people acquire knowledge interpsychologically, among
people, as well as intrapsychologically, within ourselves (Wink & Putney, 2002). Social
constructivism is sometimes seen to dismiss individual thought, and acknowledge only
collective thinking in which majority opinion prevails (Gupta, 2011). Yet, each person
who is part of the construction brings individual understanding. With the focus on active
construction of knowledge, the perspective is also criticized for rejecting the role of
memorisation, passive reception, and mechanical learning (Fox, 2001). This criticism
may be met with recognition that rote learning can still occur, although social aspects are
emphasised in the social constructivist perspective. The perspective is highly relevant for
the present research, to understand ways people construct meaning through their
interactions. Founded by the ideas that human activities involve cultural contexts,
language, and an historical component, this is a “complex and multifaceted perspective”
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(Palincsar, 2010, p. 371). Social constructivism provides an effective perspective for this
study of the social learning related to enduring technology use.
Social Construction of Technology
Social construction of technology, a perspective asserted by Pinch, Hughes, and
Bijker (1987), reflects the place of technology not as the focus of the study, but as a
vehicle for the social learning that was the focus. A basic principle of social construction
of technology is that people shape technology, and also that technology shapes human
thought and action through a process of social shaping (MacKenzie & Wajcman, 1999).
The perspective blends the sociology of science with the sociology of technology, and
involves social, cultural, technical, political, and economic influences in the use of
technology (Pinch, Hughes, & Bijker, 1987).
Social construction of technology (Pinch, Hughes, & Bijker, 1987) rejects the idea
of a single inventor and the distinction from among technical, social, economic, and
political factors in technological development. The perspective departs from
technological determinism whereby technology develops separately from society through
scientific discovery or invention and defines social change, but disregards the social
forces that influence the development, use, and meanings of technology (Johnson, 2010).
Instead, Pinch, Hughes, and Bijker (1987) refer to development involving a “seamless
web” (p. 3) of society and technology. Pinch and Bijker’s (1987) assertion that “the
success of an artifact is precisely what needs to be explained” (p. 24), directly reflects the
research question of this study.
Social construction of technology involves four components (Klien & Kliennman,
2002). Firstly, interpretive flexibility refers to technology design as an open process with
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outcomes that can vary greatly depending on the meaning people have for an artifact.
Secondly, relevant social groups involve people who all share the same meanings for the
artifact, with different groups having different meanings. The third component involves
closure, when the design process satisfies all relevant social groups and no further
changes are made, and stabilisation, when the final form is established. Fourth, a minor
component, is the wider sociocultural and political context where the artifact design
occurs. Successful technologies meet a particular purpose, improve the way people live,
or advance the interest of a person or group of people.
Bijker and Pinch (1987) explained the development of the bicycle through the
interaction of society and technology. Development of the bicycle was not smooth. Social
groups such as recreational cyclists and bicycle makers found advantages and
disadvantages in various designs, as well as different meanings for bicycles. Different
groups prompted design changes until stabilisation occurred, when a design finally met
the needs of the social groups. Small changes still occurred, but the overall design was
successful leading to adoption and widespread use.
The viewpoint has criticisms, particularly by Winner (1993) as a proponent of
technological determinism. The criticism can be related specifically to appropriate
technology. Winner noted that social construction of technology disregards people who
are affected by the process of technological involvement but have no voice in it. On the
contrary, successful appropriate technology development and use inherently involves
people, and is strengthened when people refine the technology for their own purposes.
Winner also claimed that social construction of technology focusses on immediate needs
without concern for cultural, economic, or academic reasons for technology choice.
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Conversely, appropriate technology arises from economic need and people’s rationale for
improving life in diverse communities globally.
The authors of several studies related to sustainable energy and environmental
issues, such as wind energy research (Sovacool & Sawin, 2010), solar technology (Otte,
2014), India’s canal systems (Lewis, 2007), and climate change (Keary, 2016) involve
social construction of technology in their research. With technology facilitating improved
ways of human life rather than directing human life, social construction of technology
reflects the nature of appropriate technology and the interaction of humans and
technology as a perspective in this study.
Social Cognitive Theory
Social cognitive theory (Bandura, 1986) provides another perspective for
understanding the learning involved in this inquiry. The theory rejects the basic principles
of behaviourism, in which people function mainly based on stimulus-response
mechanisms. In social cognitive theory, cognition plays a prominent role in the ways
people function. Social aspects in the environment are important for learning, learning
can occur without a change in behaviour, and learning is primarily a mental development,
not a behavioural difference. Social cognitive theory continues today as a comprehensive
theory of human thought, behaviour, and learning.
Social cognitive theory is based on what and how people learn from each other
(Ormrod, 2008). Through vicarious learning (Bandura, 1986), people can avoid trial and
error efforts, and learn instead by watching others and understanding the consequences of
others’ behaviour. Bandura asserted that most behaviour is learned by observational
learning, and modelling as “psychological matching processes” (p. 51) for descriptions of
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how to behave. Through social learning, people gain cognitive skills and new behavioural
patterns, forming rules of behaviour that guide future actions. Observed outcomes also
lead to expectations. With vicarious reward, observing good results prompt people to act
in similar ways. With vicarious punishment, observing negative outcomes decreases the
likelihood that people act similarly.
Bandura (1986) established that people are capable beings. People have
considerable control over their actions and their environment. They can actively decide to
engage in activities, and create or make changes to modify their environment. They can
make changes themselves and influence the actions of others in supportive or negative
ways. With considerable human agency, people are not only shaped by their environment
or inner influences, but also are self-creating and self-reflecting, evaluating their own
thoughts and actions. Several core constructs feature self-governance, including selfregulation, self-efficacy, and reciprocal causation.
With self-regulation, people have the capacity to self-evaluate, and adjust their
thoughts and actions (Bandura, 1986). As one of the “self-directive capabilities” (p. 335),
self-regulation allows control over one’s thoughts, feelings, and actions. Self-regulation
is an executive function process that contributes to the supervision of other cognitive
processes (Anderson, 2002). Self-regulation involves self-observation, self-evaluation,
self-reaction, self-instructions, self-monitoring, self-reinforcement, and self-imposed
stimulus control.
Self-efficacy is also key construct, which Bandura (1982) defined as “concerned
with judgments of how well one can execute courses of action required to deal with
prospective situations” (p. 122). People with a high degree of self-efficacy believe that
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they can meet challenges and quickly recover from setbacks. They are also more inclined
to use observational learning. People with low self-efficacy often have less selfconfidence and do not think they are able to perform well, so they avoid challenges. Selfefficacy is also a factor in vicarious learning, because people make judgements of their
own capabilities while observing others, and are not likely to act if they do not think that
they can do it.
Another central concept of social cognitive theory is reciprocal causation
(Bandura, 1986). Reciprocal causation reflects the belief that behaviour is produced
through a dynamic interaction of the three influences of person, behaviour, and
environment. Personal factors involve cognitive, biological, and affective aspects,
including one’s learned experiences. Behavioural factors include the response to stimuli
to achieve goals. Environmental factors include the external social context, and social
influences on learning such as models and feedback that affect a person’s ability to
complete a behaviour. The individual, the environment, and the behaviour itself influence
a person’s behaviour.
For Bandura (1977), motivation was relevant for learning and comes from
meeting personal standards. Intrinsic interest grows through self-evaluation and selfefficacy, and “people display enduring interest in activities at which they feel selfefficacious and from which they derive self-satisfaction” (p.242). Bandura believed in
different types of motivators. Primary motivators meet “organic needs” (p. 233). Sensory
motivators relate to things being novel, enjoyable, or unpleasant, for example. Token
motivators include money and grades. Social motivators related to situations with
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interpersonal reactions. Cognitive motivators involve internal standards and selfevaluation.
Lively, Pease, and Reschly (1994) challenged Bandura’s definitions related to the
construct of self-efficacy, as judged against Gibson and Dembo’s (1984) scale for teacher
self-efficacy for contemporary application in research of teacher education. Yet, little
research challenges the relevance of Bandura’s (1986) theory. The constructs have been
applied in studies related to this research, for example, combining computer use and selfefficacy (Compeau & Higgins, 1999), and smart city technology, household energy
consumption, and behavioural change (Khansari, Mostashari, & Mansouri, 2014). With
its relevant constructs and social influences related to learning, social cognitive theory
functions as an important perspective for this research.
Technology Acceptance Model
Also informing interpretation of the data is the technology acceptance model
(Davis, 1989), reflecting the process of technology adoption in this study. The model is a
widely applied perspective of user acceptance and use of technology (Venkatesh, 2000).
As a leading model to explain and predict user acceptance of a new information
technology system, the technology acceptance model is essential knowledge for studying
user acceptance of technology (Chutter, 2009). It is a straightforward approach to explain
technology adoption as a process that happens with individuals. The model is shown in
Figure 1.
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Figure 1. Technology acceptance model (Venkatesh & Davis, 1996)
One of the two key factors in the model that influences a person’s decision about
when and how a technology is used is perceived usefulness. Perceived usefulness is the
degree to which one believes that use of a certain system will improve one’s job
performance. The likelihood that a person will use a system is higher if the person
believes that it will improve work performance (Davis, 1986).
The other main factor to determine acceptability is perceived ease of use.
Perceived ease of use is the degree to which a person believes that the system will be
effortless (Davis, 1989). A tool that is easy to use requires less effort and frees the user to
tend to other tasks (Davis, 1986). Ma and Lui (2004) found that perceived ease of use has
a significant influence on acceptance. Davis (1989) found that perceived ease of use has a
direct influence on perceived usefulness. A person believes that a system is more useful if
it is easier to use. Perceived usefulness and perceived ease of use are typically the only
two features of the model that researchers use (Gefen & Straub, 2000).
Criticism of the technology acceptance model relates to its core theoretical
constructs, the methodology for testing the model, and the relationships and variables
within the model (Chutter, 2009). The original model only partly explains the use of
information technology systems (McFarland & Hamilton, 2006). Revisions of the
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technology acceptance model aimed to determine further influences on use, such as
cognitive processes and social influences (Venkatesh & Davis, 2002). Other models for
technology adoption have been developed (Scherer, 1993; Venkatesh, Morris, Davis, &
Davis, 2003).
The technology acceptance model (Davis, 1989), however, remains the most
commonly referenced model of acceptance and use of technology (Venkatesh, 2002). The
model is theoretically sound and can explain the behaviour of users in a wide range of
populations and computer technologies (Davis, Bagozzi, & Warshaw, 1989).
Wangpipatwong (2008) noted that with simple, specific features that are applicable in
different situations, the technology acceptance model remains the most prominent model
of technology acceptance and usage. The model (Davis, 1989) continues to be relevant
for the field and this research specifically.
Summary
The four perspectives have numerous complimentary connections. For example,
Vygotsky (1978) and Bandura (1986) believed that learning and development are
processes of change with emphasis on social interaction. For social construction of
technology (Pinch, Hughes, & Bijker (1987), people and technology shape each other.
The three perspectives are constructivist views and involve interrelated influences. The
technology acceptance model (Davis, 1986) lends understanding of individuals’ process
of technology adoption. The model also incorporates Bandura’s construct of self-efficacy.
Interrelatedness of concepts across the perspectives lends a cohesion to the views and
further support for the inquiry.
The perspectives used to guide this study include social constructivism
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(Vygotsky, 1978), social construction of technology (Pinch, Hughes, & Bijker 1987),
social cognitive theory (Bandura, 1986), and the technology acceptance model (Davis,
1986). Social constructivism guides this study with the emphasis on social interaction in
knowledge construction and learning. Social construction of technology (Pinch, Hughes,
& Bijker 1987) reflects the technology in this study as the second perspective. The third
viewpoint, Bandura’s (1986) social cognitive theory, lends further importance to social
influences in the principles to explain learning. The technology acceptance model (Davis,
1986) provides a view for understanding technology adoption. These four perspectives
are guidance for the study.

21

CHAPTER 3
LITERATURE REVIEW
Introduction
This chapter provides a review of the literature to understand the existing research
related to the current study (Boote & Beile, 2005). Reviewing the literature revealed
studies in several areas related to this inquiry. The studies are collected into a manageable
form and presented here to synthesise the research (Waitoller, Artiles, & Cheney, 2010).
The areas of research include: appropriate technology; learning, sustainability, and the
environment; technology adoption, and; technology adoption and learning. The studies in
these areas informed the current research, with a mind to “relate the present study to the
ongoing dialogue in the literature” (Creswell, 1994, p. 37).
Appropriate Technology
The definition of appropriate technology was gleaned primarily from Schumacher
(1973), with an amendment of United States government policy (Office of Technology
Assessment, 1981). Schumacher (1973), whose seminal work formally founded the field
of appropriate technology after its more informal beginnings with Gandhi, explained his
philosophy of small scale, low cost, non-violent, locally-driven economy based on the
needs of local people. Examples of appropriate technology are numerous and varied, such
as a fresh water well, a weathervane, an abacus, a portable classroom, and a solarpowered lantern.
While appropriate technology regularly arose from economic need and people’s
rationale for improving life in diverse communities around the world, a key quality of
these technologies is that they are appropriate for the context in which they are used.
Thus, successful appropriate technology development and use inherently involves people
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and, further, is strengthened when people refine the technology for their own purposes.
This aspect of ownership is a compelling feature of appropriate technology.
Appropriate technology, also referred to as simple technology, involves low tech,
low cost advancements to improve daily life that are appropriate for the context. Wicklein
(2005) aptly noted that problems can usually be solved with technology that is much
simpler than is promoted for corporate profit. Indeed, appropriate technology frequently
involves simple changes that can greatly improve people’s quality of life. Involving the
key concept that the technology must match both the user and the need in complexity and
scale, appropriate technology “benefits society more than high-technology because it
fosters self-reliance and responsibility” (Hazeltine & Bull, 1999, p. 7). The technologies
balance human need with mindful use of resources. They signify a synergistic
relationship of people, progress, and the environment.
Appropriate technology also involves the quality of mindfulness as “purposeful
attention” (Kabat-Zinn, 1994) and focusses on cultivating conscious awareness (Bishop,
2004). Mindfulness as both a process and a state relates directly to the cognitive process
of attention, as an aspect of social cognitive theory (Bandura, 1986). The purpose, or
intention, engages self-regulation, an executive function process of cognition and another
aspect of social cognitive theory. Mindfulness involves intentional focus and, in turn,
relates to learning. The mindfulness involved in adopting appropriate technology unifies
technology use in a self-reflective, self-monitoring way, the choice of a sustainable
alternative in one’s life, and the choice to interact with one’s surroundings in a more
constructive way.
Unintended consequences of appropriate technology exist. A change in crop
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harvesting may inadvertently disrupt a local eco-system, for example. The focus on lowtech products may inhibit technological capabilities in developing countries (Dorf, 2001).
Specific to solar technology, even with most ground-mounted solar collectors on land not
suitable for farming, solar parks impact soil, plants, and other species with changes in
rainfall, shade, and wind (Armstrong, 2014). Emissions from making photovoltaic panels
are far fewer than other forms of energy and the panels are emission free for at least 30
years (Kuby, 2018). Yet, the panels require mined raw materials including quartz to make
silicon, copper, aluminum, and silver, plus chemicals and heat, using a lot of energy to
start. They eventually need to be replaced too, raising disposal or recycling concerns.
The existing literature related to appropriate technology often aims to describe the
technology and provide examples. For Wicklein (2005), appropriate technology is a
recurring topic in technology education, which “seeks to aid and support the human
ability to understand, operate, and sustain technological systems to the benefit of humans
while seeking to be in harmony with the culture and the environment” (p.10). Noting the
difficulty in defining appropriate technology concisely, Willoughby (1990) defined it as
“technology tailored to fit the psychosocial and biophysical context prevailing in a
particular location and period” (p.15), comprehensively enough to encompass most of the
definitions that have developed.
Solar energy is commonly regarded as appropriate technology, and treated thus in
the literature. For example, in their appropriate technology text, Hazeltine and Bull
(1999) included a chapter on photovoltaic devices, describing solar cells as an “ideal
source – reliable, quiet, pollution free, land conserving, and locally controllable” (p. 122).
Choi, Park, and Yoon (2013) involved solar panels in a simple, inexpensive approach to
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create chlorine as an appropriate technology to convert contaminated water into safe,
drinkable water. Khanna, Rathore, and Sharma (2008) investigated the low-cost
feasibility of a solar-powered distillery to generate drinking water in India, to combat the
poor water quality while capitalising on the considerable sunlight that is available.
The literature commonly explains the value and benefits of appropriate
technology in diverse situations. Appropriate technologies exist in many areas such as
agriculture and food, health, energy, communications, and water supply (Andree, 1982).
Pisante, Stagnari, and Grant (2012) studied appropriate technologies in agriculture,
involved in new paradigms of sustainable crop production for the global challenge to
ensure more efficient use of land resources, water resources, and production inputs.
Murphy, McBean, and Farahbakhsh (2009) asserted that appropriate technologies were a
part of the worldwide solution toward sustainable, safe water.
The literature often reports on appropriate technologies which are unsuccessful
and provides suggestions for the reasons why the use of the technologies is not continued.
For example, Baker and Edmonds (2004) showed that appropriate technologies were
adopted by women for low tech market gardens in Taiwan and Gambia. The authors were
uncertain that the efforts in Gambia would be sustained because the maintenance of the
gardens required continued commitment in time and energy and because coordination
was lacking in the infrastructure of government, developing institutions, extension
services, and products.
Rarely, the literature approaches the learning related to appropriate technology.
For example, Bunch (1999) studied soil conservation technologies used unsuccessfully
by farmers in Central America. He recommended that long term use of the technologies
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should be aimed at building communities to be capable of sustaining agricultural
development, which included training the most motivated local farmers to effectively
disseminate capabilities within the group. The study showed that more meaningful
connections must be made at the local level both within and among individuals but did
not include deep exploration of the learning that occurs to sustain the technologies.
Although related to the research, little of the literature specifically addresses the learning
which sustains an appropriate technology.
Learning, Sustainability, and the Environment
Few studies exist about learning of appropriate technology, necessitating
consideration of literature in related areas that commonly connect learning, the
environment and sustainability, as the balance of economic, environmental, and social
equity (United States President’s Council on Sustainable Development, 1996).
Discussing education and the sustainability of appropriate technologies, Staniskis and
Stasiskiene (2006) showed that “the international community is in agreement that
education has an enormously important role to play in educating and motivating citizens
to participate in environmental improvement” (p.49). UNESCO (1996) provided
professional development for environmental education and sustainable development
which focussed on learning and sustainability with curricular components for
environmental education and development.
Smith (2010) examined the factors that contribute to societies’ long term
sustainability including solutions, ways to engage educators, and the need to transform
our ways of life and beliefs about our relationship with the planet. Wicklein (2005)
asserted that most real world technological problems could be solved using much lower
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levels of technology, addressing problems “from a more holistic and appropriate level;
that is, less high tech, more thoughtful problem solving, using available resources” (p.
10). He encouraged learning of appropriate technologies and sustainability with students
who were creative problem solvers knowledgeable of technology and the world outside
their local area.
Studies of educating young learners about the environment and sustainability
were common in the literature (Bone, 2010; Daryani, 2017; Iliopoulou, 2018). Further,
resources that exist to educate young people about sustainability and the environment
specifically denote appropriate technology. Technology, wood consumption and
alternatives were involved in Staniforth’s (1998) learning resource on appropriate
technology, prompting students to evaluate their own use of wood and paper. Basham,
Perry, and Meyer (2011) presented a digital backpack with tools and ideas incorporating
appropriate technology created for problem-based learning and project-based learning
experiences which was created by the University of Cincinnati and the American
National Underground Railroad Freedom Centre. In another example, an article described
to children how to design, build, and test a solar cooker while explaining appropriate
technology (Build an easy solar oven – an appropriate technology, 2001).
Cheang, So, Zhan, and Tsoi (2017) explored stakeholder perspectives of a campus
eco-garden in education for sustainability. They found that all three of the stakeholders –
designers, educators, and environment and non-environment subject-related students –
expected that the cognitive learning of sustainability would increase with the eco-garden.
The stakeholders believed that affective learning was not greatly expected, and
psychomotor learning was not expected. The stakeholders suggested learning activities
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for teachers and students. The study stressed the importance of integrating educational
activities with the eco-garden as a learning environment that highlighted the roles of
students and teachers, such as games that promote environmental knowledge and the
designing of teaching modules for pre-service teachers.
Larsen and Holmberg (2018) studied a lab-based learning environment for
Masters students fostering the transition to a sustainable society. Three student cases
were developed for deeper understanding of how the lab provided a rich learning
experience. The lab helped students to clarify their core values, while teachers facilitated
and guided learning. The students engaged in meaningful real-world challenges and
became a source of change, which the authors asserted demands much more attention.
Studies also indicate that learning is an inherent part of sustainability. Research
shows the ways in which countries adapt technologies that have been previously
employed by other countries (Black, 1983; Gor & Riesenberg, 1987). These studies
focussed on broader issues of learning related to technology integration rather than on
social learning of the technologies.
Garmendia and Stagl (2010) analysed three energy and natural resource case
studies in Europe related to sustainability and social learning. The authors purported that,
although expectations were high, social learning processes in sustainability appraisals
were not well understood and were not well studied. The authors reviewed theories of
social learning, developed a conceptual framework for their analysis, and presented an
application of the framework with the three case studies. The authors noted that
sustainability appraisal methods are meant to support social learning for participants, and
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high quality outcomes depend on high quality processes which involve learning
opportunities to address uncertainty and complexity.
Asserting that social learning can be the basis for regional cooperation for
sustainable development, Dlouha, Barton, Janou, and Dlouha (2013) explored social
learning in sustainability-oriented regional learning networks. The authors analysed
models for learning platforms for sustainability regional cooperation. They clarified
characteristics of social learning processes. They developed qualitative and quantitative
indicators, and applied the indicators to projects in a particular database. The indicators
were discussed in relation to social learning principles and the potential
interconnectedness of social learning with a society’s social capital.
Collier, Celik, and Apul (2016) examined a new online college course that
integrated infrastructure, energy, and sustainability with a focus on skills related to solar
energy technologies to meet sustainable energy challenges. Shoulders, Wyatt and
Johnson (2014) aimed to determine the effect of adult experiential learning of sustainable
solar energy using an experimental design. They found that learners who watched a
demonstration and then a lecture, scored significantly higher than those who watched the
lecture first. The learners also increased their mean scores from before the lecture. While
the study indicated that learning of solar energy increased by ordering demonstration
before lecture, solar technology was not the prime focus of the study.
Schiermeier (2016) acknowledged the significance of wind and solar power in
Germany, but noted the erratic nature of these resources in generating power. While the
costs of solar energy systems were greatly reduced, efforts were worthwhile in research
and development toward new technologies to continue to resource the sun in our ability
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to generate electricity, heat, and fuel (Lewis, 2016). Riley (2012) encouraged current,
creative solutions for sustainable energy resources to meet energy problems that come
through life-long learning.
For their study, Hong and Wang (2012) addressed the reduction of greenhouse
emissions in small countries, which they asserted was not well considered although small
countries account for a large amount of global emissions. They examined how climate
policy and government learning about climate damage influence reduction technology.
They asserted that government learning is feasible in connection with the incentives to
join the international climate agreement on emissions. They found that with or without
learning, harmonised taxes are more effective for investment efficiency than emission
standards and auctioned permits. They found that without learning, a large price for nonparticipation can help to prompt a country toward efficiency. They also found that
whether or not learning increases investment efficiency depends on the amount of the
non-participation cost.
Research into environmental issues often involves the study of educational
programs to increase knowledge and awareness (Bryant & Hungerford, 1977; Roth,
1992; Shepard & Speelman, 1986; Volk & McBeth, 1997). Other studies aim to
understand attitudinal outcomes from participation in an environmental education
program (Coyle, 2005; Hungerford & Volk, 1990; Pooley, 2000). Lieﬂander, Frohlich,
Bogner, and Schultz (2013) examined the influence of environmental education on the
connectedness of students with nature, which is essential for dealing with environmental
and sustainability problems today. They found a marked increase in students’
connectedness with nature after participation in an environmental education program.

30

Research which focusses on exactly what learning occurs for sustainability is elusive, and
the particular learning that occurs within a group is not the focus of studies.
Technology Adoption
Venkatesh, Morris, Davis, and Davis (2003) reflected the flexibility that is
inherent in social construction of technology as they reviewed eight models of technology
acceptance then tested a unified model which outperformed the others toward forecasting
the degree of success of new technology adoption. Bawakyillenuo (2012) applied social
construction of technology to review solar photovoltaic technology implementation and
use in Kenya, Zimbabwe, and Ghana, as “an excellent framework for analyzing the social
shaping of PV's development and diffusion processes in these countries” (p. 410).
Reflecting that social construction of technology holds that the shape and meaning of
technology comes through social interactions, he found several social-economic and
political factors that contributed to the adoption of the technology in these countries.
Available funding, government energy policy, technical capacity, and awareness creation
were among the factors.
Vazifeh, Keivani, and Nabizadeh-Mamkaveh (2014) used constructs of the
technology acceptance model to examine customers’ use of e-banking. They found that
perceived usefulness, ease of use, and quality of the Internet were the greatest factors in
determining use of e-banking technology adoption. Richard, Bryan, Cain, and Metcalf
(2016) studied learner readiness for the implementation of social media based learning in
the workplace using Davis’s (1986) technology acceptance model and Bandura’s (1986)
self-efficacy. They found that learner readiness was a significant factor in the
implementation of social media for workplace learning, and indicated that learner needs
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were central to the adoption. Involving the technology acceptance model and selfefficacy, along with a technology adoption process model (Olsen, et al., 2014). Olsen and
Appun (2017) studied students using a new synchronous conference technology, aiming
to determine factors that could affect the impact of technology adoption on self-efficacy.
They found a significant relationship between technology adoption and self-efficacy.
Barham, Chavas, Fitz, and Schechter (2018) created a model of technology
adoption and studied the adoption behaviour of American farmers for genetically
modified corn seed. They measured receptiveness to advice and cognitive ability. They
found that cognitive ability unambiguously speeds adoption. Receptiveness to advice
may speed adoption for people with low cognitive ability, but slow adoption for people
with high cognitive ability. Their analysis showed that early adopters are both quite able
cognitively and also not receptive to advice.
Based on two longitudinal studies and a set of hypothetical questions for
Ethiopian farmers, Abey, Blalock, and Berhane (2017) learned that locus of control
significantly predicts the farmers’ decisions to adopt appropriate technologies including
irrigation, improved seeds, and chemical fertilizers. Their findings explained the low
rates of adoption of profitable agricultural technologies in sub-Saharan Africa. The
authors noted that improving farmers’ locus of control may enable the technology
adoption and agricultural change.
Baerenklau (2005) looked at risk preferences, learning and peer group influence
as factors that influence technology adoption as alternative agricultural management
practices. The findings were that risk preferences and learning were clear determinants
for adoption, while peer group influence was not as relevant. The implications are that
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policy may focus on compensation for producers for losses and the degree to which
information is shared, rather than on the need farmers had to follow early adopters. While
studying policy related to the adoption of renewable energy technologies, He and
Veronesi (2017) found that the personality trait of openness to experiences lead to
farmers more likely to adopt biogas technology. Farmers who had lower levels of
confidence were less likely to adopt the biogas technology. The authors concluded that
greater openness was related to perceived ease of use for the decision to adopt the
technology to occur.
With survey research, and findings that provide insight on increasing the adoption
of sustainable technologies, Burlinson and Battisti (2018) researched the decision making
process of 784 households in England, and whether or not to connect to a district heating
system that was more energy efficient than individual heating systems. Undervaluing
future energy costs plus the need to payback the change over seven or eight years were
the main reasons for the decisions. The research reflects consumers’ failure to adopt more
cost effective, energy efficient technologies, thereby failing to reduce energy
consumption. The results contribute to understanding why people are not likely to invest
in energy efficient technologies, especially people on low incomes.
Dwivedi, Williams, Lai, and Mustafee (2010) conducted a review of literature for
adoption, acceptance, and diffusion of information and communication technology. They
evaluated 80 articles which were published from 1998 to 2008. The authors found that
the studies predominantly used a positivist paradigm, empirical and quantitative research,
survey research, and the technology acceptance model (Davis, 1986) to investigate
technology adoption and diffusion related to consumer, household, and residential
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purposes. Further research employing qualitative inquiry and other adoption models may
help to expand the understanding of technology adoption.
Kim, Hebeler, Yoon, and Davis (2018) studied web technology adoption from an
information technology professionals’ perspective. They found that important
determinants of web technology adoption are perceived usefulness, perceived ease of use,
organization innovativeness, organization data capability, and applicability to data
management. The authors developed a model to examine factors that influence web
technology adoption from the viewpoint of information technology professionals,
including managers, system architects, web developers, and software developers, and
particularly with corporate computing companies.
Wang, Chen, and Chen (2017) studied attitudes and behavioural intentions of
older adults for mobile phone use. With survey research and convenient sampling of 286
people age 46 and older, they demonstrated that physiological factors of aging and
anxiety had negative effects on mobile phone adoption, while requisite knowledge,
intrinsic motivation, and use expectancy had positive influences on the adoption. The
authors also proposed a technology adoption model to examine the factors that influence
the technology adoption of older adults.
Biesebroeck (2007) reviewed the literature from 1997 to 2007 on the adoption of
technologies of Canadian companies. She began with discussion of the connection
between technology adoption and productivity, and continued with consideration of the
sources that researchers use for learning about technology adoption. Most of the study
focussed on the variety of impediments and facilitators of adoption. The author focussed
especially on the importance of information, and stressed the role that government can
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play in facilitating or creating information, such as informing companies of new
technologies, and helping others to use existing information more effectively. She found
that the main characteristics that were correlated with technology adoption and use were:
interaction with foreign companies; size; prior experience with technology; internal
organisation; perceived benefits of technology adoption; learning from other adopters;
employee skill level; lack of financing, and; lack of information. The list includes
qualities that are potentially relevant for residential solar technology adoption, however
the focus of this study was advanced technologies for companies.
Fu, Dankbaar, Ligthart, and Van Riel (2018) reviewed the literature for
sustainable process technology adoption, looking at 34 of the 964 articles. They classified
sustainable process technologies to include recycling technologies, CO2/emission
reduction, material/fuel substitution, and energy/material efficiency. They noted that the
factors that were the most influential for sustainable process technology adoption were
firm characteristics and environmental regulations. Other important features for
sustainable technology adoption were market pressure, coercive pressure, internal
support, technology capability, certified systems, adoption experience, and cooperation.
Company types and technology types were considered as factors with different effects in
prior studies.
Reeves and Rai (2018) examined the decision making process of 194 households
for solar technology adoption. Their survey found that strategic timing was correlated
with the decision to adopt for savvy consumers. They recommended future research
which addresses policy implementation that specifically leverages this decision making
behaviour.
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Schelley (2014) examined solar technology adopters in two American states
aiming to improve policy and increase residential solar technology adoption, and found
that feed-in tariffs encourage adoption while certain pricing in net metering agreements,
size restrictions, and inconsistent policies have negative impact. Schelley (2015) then
found, while studying solar technology adoption in two American states, that the nuanced
behaviours of participants related to policy necessitated further qualitative interview
study to gain better insight into the “unstudied and unpredicted” (p. 744) responses about
adopters’ energy behaviours both before and after installation of the solar technology in
their homes. Basen and Brown (2009) studied solar technology adoption by poultry
farmers in Tennessee, finding that incentives beyond those existing were required for
adoption to be regarded as financially worthwhile. Similarly, Crago and
Chernyakhovskiy (2014) examined whether or not state policy was increasing solar
technology adoption and found that monetary incentive were important for adoption, and
also found a significant positive correlation between hybrid vehicle sales and solar
photovoltaic adoption, noting that the finding showed the relevance of pro-environmental
choices as a predictor of photovoltaic use.
Moser and Mosler (2008) used Roger’s (1995) diffusion of innovation theory to
examine 644 household for adoption of solar water disinfection technology. They found
that early adoption was predicted by increased talking about drinking water, middle
adoption was predicted by more involvement by opinion leaders and understanding of a
majority who supported the technology, and late adoption was influenced by recognition
that a majority had already adopted. Aklin, Bayer, Harish, and Urpelainen (2018) studied
solar microgrid adoption in rural India, and found that that household expenses and
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savings as well as the “household head’s entrepreneurial attitude” (p. 35) are strong
predictors of solar technology adoption.
A systematic review of literature by Graf-Vlachy, Buhtz, and Konig (2018)
involved social influence in technology adoption. They found that interpretations of
social influence were: mainly compliance based, which may not recognise identificationbased and internalisation-based effects; chiefly aimed at individual level and non-social
technologies, foregoing the impact of socially rich environments, and; relied heavily on
survey research with American/Chinese samples, which brings into question the
generalisability and predictive validity of the findings. Stemming from these points, the
authors created an integrated perspective of the social influences of technology adoption.
They asked that scholars aim for a multi-theoretical understanding of social influence
with an interplay of users, social referents, and technology.
Technology Adoption and Learning
Research commonly links technology adoption with learning in different ways.
Straub (2009) asserted that technology adoption is a “complex, inherently social,
developmental process; (b) individuals construct unique (but malleable) perceptions of
technology that influence the adoption process, and; (c) successfully facilitating
technology adoption needs to address cognitive, emotional, and contextual concerns” (p.
626). Technology adoption has many influences which are not collected in a single
model, although factors such as innovation, time, communication, and social system,
including the way a technology impacts people together (Rogers, 2003), are common
elements in discussion of technology adoption.
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Use of a technology involves the willingness of a user group to use the technology
for tasks it is meant to support (Dillon & Morris, 1996). Perceptions of technology
change over time as users develop experience (Venkatesh, Morris, Davis, & Davis,
2003). Further, “fundamental beliefs are formed over time through active engagement
with ideas, understandings, and real-life experiences [and] deep change occurs only when
beliefs are restructured through new understandings and experimentation with new
behavio[u]rs” (Loucks-Horsley, Frohlich, Bogner, & Schultz, 2003, p. 49).
Interaction is involved in both the feedback that occurs mutually between the
learner and technology (Gilbert & Moore, 1998) and in the teacher-student exchanges
which facilitate learning during technology use (UNESCO, 2007). Zaltman and Lin
(1971) noted that people are less likely to adopt a new technology if they have to adjust
their existing behaviour or if it contrasts with their attitudes. Barron, Martin, and Roberts
(2006) found that informal, home learning experiences impacted students’ choices about
involvement in opportunities with new technologies but did not illuminate how the
experiences with the technologies took place.
Chen and Ma (2014) asserted that most technology adoption assumed perfect
foresight over the long term, but in reality, decision makers do not have perfect foresight
and the reason for technology adoption is unclear. Their study involved limited foresight
and uncertain technological learning. The authors found that the longer the period of
decision, the earlier the adoption of a new technology, and foresight can be increased
with a high learning rate. However, after a certain amount of time, adoption of a new
technology did not increase. The study also showed that minimal foresight also created
decisions about costs that were not optimal solutions.
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Applying their own theoretical model, Genius, Koundouri, Nauges, and
Tzouvelekas (2014) studied the role of information transmission in agricultural
technology adoption for olive farms in Greece. They found that both extension services
and social learning were significant determinants in technology adoption and diffusion.
They also found that the effectiveness of each determinant was improved by the presence
of the other determinant. Both social learning and extension services were individually
effective, as well as mutually supportive.
Jeremy (2012) studied coffee pruning technology and social learning. The study
involved a private initiative for systematic coffee pruning technology in Peru. The author
asserted that, as coffee pruning takes two years to produce effects for crop yield, the
results of the social learning that was involved were distinguishable from the effects of
other variables. The findings demonstrated an increase of at least 0.15 in the probability
of adoption two years after the first pruning in a grower’s group.
Mcwilliams and Zilbermafr (1996) examined the practice of learning by doing to
understand why larger and more educated companies are earlier adopters of technology.
Economics occur that increase adoption with learning by doing practices. According to
the authors, their analysis showed results that were superior to the traditional approach to
analysis, using Tobit analysis which integrates adoption and diffusion to estimate the
time of adoption.
Chan et. al. (2015) incorporated features of the unified theory of acceptance and
use of technology model to survey 1627 students at a Chinese university. They found that
performance expectancy and effort expectancy, as well as deep learning from a study
process questionnaire, were included in students’ intention to adopt the technology in
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class. Positive attitudes toward the technology, through a deep learning approach,
explained the variation of learning including higher order thinking and collaborative
learning. The findings showed that technology adoption should be considered in
connection with learners’ diversity to understand the variation in technology adoption in
higher education contexts.
The advantage of using a technology is a key factor for adopting new technology
(Teng, Grover, & Guttler, 2002), as is the complexity of use (Fidler & Johnson, 1984).
Davis, Bagozzi, and Warshaw (1992) found that people’s intentions for use were four to
five times more influenced by usefulness than by enjoyment. Adoption of a technology is
also influenced by factors such as access to resources (Penderson, 2003), motivation
(Kwon & Chidambaram, 2000), self-regulation (Tabak and Nguyen, 2013), and selfefficacy (MacCallum & Jeffrey, 2009).
Richard, Bryan, Cain, and Metcalf (2016) studied learner readiness for the
implementation of social media based learning in the workplace using Davis’s (1986)
technology acceptance model and Bandura’s (1986) self-efficacy. They found that learner
readiness was a significant factor in the implementation of social media for workplace
learning, and indicated that the learner needs were central to the adoption. Barron (2006)
asserted that much more understanding must be gained about how people learn to use a
technology, noting that of interest is deeper “analysis of the micro-interactional processes
that sustain learning in informal context” (p. 218). Studies that surround the present
research also frequently refer to high technology and learning rather than to simple,
appropriate technology and learning.
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Literature exists for solar technology as it relates to machine learning, rather than
human learning. For example, Martin, Aler, Valls, and Galvan (2016) studied solar
energy forecasting and prediction using machine learning. Hock (2015) noted that
machine learning techniques could help to better capture solar energy as a major source
of power for the United States.
Literature which is specific to solar technology adoption is available. Kang, Roy,
and Balraj (2006) sought to determine the effectiveness of a solar water heating system as
an appropriate technology, finding it to be useful in emergencies to prevent disease and
for use in small communities. Guta (2018) investigated the determinants of household
photovoltaic solar technology adoption in rural Ethiopia. Interestingly, she found that
people were more likely to adopt solar technology if they were better educated, had
higher incomes, and were in female-run households.
Kiravu, Oladiran, and Yanev (2014) studied solar technology adoption in
Botswana and found that models offer limited ability to understand the dynamics of the
technology adoption process. They provided an alternative framework with which to
interpret technology adoption to address “complex adaptive learning influences driving
solar energy technology adoption” (p. 198). Bondio, Shahnazari, and Mchugh (2018)
examined solar technology adoption in Queensland, Australia, finding with their surveys
that adoption was based on perceptions of affordability, not environmental concerns, and
was more likely by middle class households whose members were motivated by concerns
of rising electricity costs, and also who had sufficient finances to afford the initial costs
of adoption.
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One mixed methods study by Unamba (2016) addressed learning related to solar
technology adoption in Norway. The author examined the influence of experience on
organisations’ performance and how learning was likely to affect adoption, finding no
significant relationship between the organisations’ experience and performance attributed
to learning, and that performance alone was not enough to increase adoption. Increased
interaction between the organization and the environment was expected to increase
understanding that leads to increased solar technology adoption.
Vazsquez and Hallack (2018) studied the role of regulatory learning related to
solar technology in Brazil, and developed a framework to assess the role of regulatory
institutions ability to eliminate barriers to using solar technology. Parker, Rollins,
Anders, and Comeau (2018) surveyed 2065 residents to examine the role of knowledge
and engagement in the intentions to adopt solar technology in Canada, finding that
“visibility of solar technology has a strong effect on intention… [and] that perceived
knowledge of energy systems and being publicly engaged in energy issues significantly
increases adoption intention” (p. 114). The current study contributes to the literature that
is available in the field, and specifically addresses the learning itself that occurs for
technology adoption.
The need for renewable energy systems prompted the study by Elmustapha,
Hoppe, and Bressers (2018), which focussed on solar technology adoption in Lebanon.
The authors surveyed 200 household for decisions to adopt solar heating technology. The
findings showed that adopters and non-adopters differ significantly in areas such as
income and household size, which the authors asserted confirmed the relevance of
independent judgement making and novelty seeking that are part of Roger’s (1962)
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diffusion of innovation theory. The authors also integrated hypotheses from
environmental psychology models with the diffusion of innovation theory which
produced values higher than those of the perspectives treated separately. Factors such as
pro-environmental behaviours and social influence had positive effects for adoption while
complexity and risk had negative effects for adoption.
Neij, Heiskanen, and Strumpeit (2017) determined local aspects of technology
learning related to solar technology. Their findings showed that learning for solar use is
reflected by characteristics of local learning indicated in the innovation literature,
including tacit knowledge, shared narratives, user relations, and learning in
interorganisational networks. Among significant aspects, they also found instances of
local knowledge being codified over time into national and global knowledge, stressing
the importance of local learning for solar technology use.
Shum and Watanabe (2008) studied the local dynamics of solar technology
adoption in the United States. They found that learning of one application type occurs for
the installation of all types of grid-connected, small solar systems. They also found that
the effectiveness of this learning improves over time. Further, user-oriented, system
customisation involved inter-project learning. The research has implications for
standardising the design and training for installation, enabling the re-use of knowledge
for different, integrated projects, and encouraging inter-project learning.
Noll, Dawes, and Rai (2014) studied solar community organisations and peer
effects of adopting residential solar technology in the United States. They identified and
characterised 228 solar community organisations from 1970 to 2012. They presented a
case study of four successful solar community organisations, and asserted that the reason
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for this success was using trusted community networks along with compiling a full
information and financial tools package for use by interested communities. The authors
noted that studies using statistics and a sense of peer effects should carefully look at these
solar community organisations because the social interactions that are encouraged by the
organisations may be correlated with the social learning and socio-demographic profiles
of the communities of interest.
Radomes and Arango (2015) explored solar technology adoption in Medellin, the
second largest city in Colombia. They created a model based on diffusion theory with
adoption rate as a function of social interaction and an awareness-raising campaigning,
using subsidy and feed-in tariff policies. They found that a 50 percent subsidy combined
with a tariff rate in American currency of 0.30 per kilowatt hour facilitated the greatest
marginal increase in diffusion rate. Yet, with the country’s inexpensive, current hydroelectric supply, adoption of the solar technology will likely continue to be challenging for
both government and private sectors.
Noting that the adoption of solar technology was not only a technological
advancement and economic trend, but also a cultural phenomenon in China, Liu, Sun,
and Kaloustian (2015) explored culturally motivated practices in China, and the
implications for a distributed system for solar technology adoption. Applying dimensions
of national culture, the authors showed challenges and opportunities for the adoption of
solar rooftop system technology. The authors asserted that cultural factors were important
to encourage or discourage solar adoption, which policy makers should incorporate for
more effective strategies.
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Summary
A review of the literature to inform this study revealed research in key areas that
are related to the research question: What learning occurs within a group which sustains
the use of an appropriate technology? The literature on appropriate technology often
described the technology and its benefits, and investigated reasons why the use of
appropriate technology was unsuccessful. Studies of learning, sustainability, and the
environment often illuminated pro-environmental awareness, and showed the common
pairing of learning with sustainability. Existing research into technology adoption
regularly employed constructs of the technology acceptance model (Rogers, 1989) to
investigate the adoption of different types of technology, including solar and other
appropriate technologies, as well as computer-related technologies. The studies in the
area of technology adoption tended to examine decision making for adoption rather than
the learning involved after installation. Research that combined technology adoption and
learning revealed various factors that were influential for adoption such as government
support, economics, and learner receptiveness through aspects such as motivation and
self-efficacy. As well, the literature stressed the relevance of learning at the local level for
successful adoption. Elements of social learning emerged in a number of recent studies.
Combined, the extant literature provided a basis for the current study and further
indication of the relevance of this research.
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CHAPTER 4
RESEARCH DESIGN AND METHODS
Successful continued use of appropriate technology does happen around the
world, but little research is available to understand its long term use (Bunch 1999). To
explore how people make meaning of an appropriate technology in their lives in learning
processes that allow the enduring use of a technology, it is necessary to understand this
use from an inside perspective, within a group continuing to use an appropriate
technology successfully (Baker & Edmonds, 2004). This chapter describes the conduct of
this study to gain an inside perspective of people using residential solar technology
successfully.
Research Design: Case Study
This study sought to answer the research question: What learning occurs within a
group which sustains the use of an appropriate technology? This inquiry into the learning
that occurs among people who continue the use of an appropriate technology involved
qualitative research which “occurs in natural settings of people whose experiences are the
object of exploration” (Savin-Baden & Major, 2012, p. 13). For methodology, it was
important to gain an in-depth understanding of the learning among people. The study
approach required the strengths in seeking a deeper understanding of a group in context.
The methodology which allowed the fullest address of the research question was case
study.
Review of the literature included consideration of key authors associated with
case study methodology, including Merriam (1998), Stake (1995), and Yin (2009). Case
study methodology “achieves as full an understanding of the phenomenon as possible”
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(Merriam, 1998, p. 28), and “investigates a contemporary phenomenon in depth and
within its real-life context” (Yin, 2009, p. 18). This case study was primarily interpretive
(Merriam, 1998) to analyse and interpret the data beyond providing a description of the
case. Background reading also involved several references and other authors to help to
triangulate the information on case study and field work. According to Yin (2009), case
study involves multiple sources of evidence, and the several sources of data contribute to
the strength of case study. This requirement provided the basis and rationale for involving
several sources for data collection, both characteristic of case study and relevant for this
research.
This case study design also included a cross-case approach, as a common case
study format (Yin, 2009). Cross-case analysis allows the researcher to mobilise
knowledge from individual cases, compare the data, and produce new knowledge, which
provides learning from a set of cases (Khan & VanWynsberghe, 2008). This approach
enabled an effective synthesis of data from all of the participants. Seen in the next chapter
as the presentation of participants’ experiences in themes, the cross-case analysis allowed
a fuller understanding toward answering the research question.
Within the case study methodology for this research, field work in a group to gain
first-hand accounts of participants (Stake, 1995), afforded insight into the learning that
facilitates lasting use of a technology, allowing rich description of learning experiences
that occur and a profound opportunity to deepen the understanding of the learning that
sustains an appropriate technology. This field work allowed the opportunity to spend time
with participants (Merriam, 1998), interacting with people directly and collecting the data
for the research to gain insight into people’s learning. As well, guided by Yin (2009), this
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case study included data analysis that extended beyond pure description to developing an
interpretive account of the phenomenon.
The technology in the study involves solar collectors that gather energy from the
sun to be transferred into electrical power. The solar cells are installed for maximum
exposure of the sun, typically on a south-facing or west-facing roof. The collectors are
photovoltaic devices, producing electric current when light shines on them, and have a
lifetime of 20 years or more (Hazeltine & Bull, 1999). Homeowners typically have them
installed with a 20-year ‘microfit’ plan. The energy that their systems generate is
transferred to the local utility company in exchange for a reduction in the homeowners’
electric consumption.
Participants
The solar technology company is based in Windsor, Ontario, Canada. After the
company installs the technology, little maintenance is required as the cells have no
moving parts. Staff instructs the homeowners in the use of the system, with a small
device that allows monitoring of the system. The solar collector system allows humans to
harness the energy of the sun to be transferred into electrical power as a sustainable
energy source. Noting its sound reputation and longevity as a solar technology company
which provided solar collectors and service, I approached this company as a source of
participants for this study. An executive member of the company was the original contact
for the study. She became the liaison for the participants in this study.
For recruitment of participants, the company executive was able to facilitate
access to homeowners with solar technology in Essex County, Ontario as potential
participants in this research. As it was appropriate for issues of confidentiality, I was not
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privy to the customer list of the company as the pool of potential participants. Instead, I
provided basic criteria of the participants needed for the study. Participants were to be
decision makers of the household, have more than one member in the household, with
several members including children preferred, and ideally to have had the solar
technology installed in the home for at least two years. The company executive
approached homeowners about their potential participation in the study, with a general
belief that those who were approached may also be informative for the study. As they
agreed to participate and became available through the executive, participants were
approached individually, over several months, from November 2017 to August 2018.
With contact information supplied by the executive, participants were approached by
telephone or email to explain the study, answer questions, and arrange an interview.
A few homeowners who were approached to participate in the study did not
respond to the inquiry, for unknown reasons. With the lack of maintenance required for
the technology, it was possible that participants had had minimal communication with the
company for several years after their installation and were uninterested in further
interaction. The homeowners simply may have been uninterested in becoming
participants at the time they were approached.
Given the detailed, intensive data that was expected to be collected and analysed,
the participant number in this qualitative study was small. Six homeowners agreed to
become participants in the study. These six participants possessed characteristics which
were seen as representative of the wider population in age and socio-economic status, and
with a range of family members in the household. However, this sample was also
purposive, as participants were chosen who were thought to be some of the most
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informative for the study. The participant number was also convenient, as the
homeowners were some of the most willing people to take part in the study. With this
group, it was understood that biases may be present and the group may not have been
representative of a larger population. Ultimately, a combination of purposive sampling,
with individuals with characteristics relevant to the study and thought to be most
informative, plus convenience sampling, with a choice of people either most accessible or
most willing to take part (Anderson, 2010) was used for this study.
The six homeowners and one executive of the solar technology company, all
based in Essex County, Ontario, Canada, were interviewed as sources of evidence for this
group as the unit of analysis (Yin, 2009). All of them participated with voluntary consent.
All of the homeowners adopted solar technology for their homes. All of them planned to
continue using their solar technology for the duration of the 20-year contract or beyond
that time. They were questioned about their experiences and ideas related to their
technology adoption. The company executive was interviewed to learn more about solar
technology and the company’s education for the other participants and the general public.
For confidentiality, the names were changed for the reporting of this study.
Frank
Frank is a retired Economics professor. He and his wife have three grown children
who no longer live at home. He owns two homes. One home is situated in the city. One
home is located outside the city, on a small island which includes other residences. He
had solar technology installed for both homes about 10 years ago, beginning with the
technology at his house on the island. For Frank, solar technology was “immediately
appealing” (Frank, personal communication, November 23, 2017). However, he
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described his adoption of solar technology as a “long evolution” (Frank, personal
communication, November 23, 2017), sparked by his displeasure with the lack of options
for power for his home on the island.
The technology that he adopted for his home on the island is a solar thermal
system, which is for hot water and heating (Frank, personal communication, November
23, 2017). It includes a set of three solar panels on a roof. The thermal system is not as
common as a photovoltaic panels for electricity, which are on the roof of his home in the
city and are used for the majority of solar systems, “80 percent or more that you see in the
city” (Frank, personal communication, November 23, 2017). Frank’s involvement
included more and more research into environmentally-friendly approaches. He and his
wife own a plug-in, electric hybrid car. He continues to be interested in learning about,
and being actively involved in, sustainable practices in his life.
Dan
Dan and his wife have two children who were ages 10 and 12 at the time of the
interview. They live in a home in the country, near a small town, outside the city. He is a
power engine station manager by trade, so he understands heat transfer and the mechanics
of his system. He referred to solar technology as facilitating “free energy” (Dan, personal
communication, November 29, 2017). He installed the technology for the home of his
growing family two years before the interview.
His system has more components than the typical system, with three tanks rather
than two, and including solar and geo-thermal parts. He has three sources for domestic
hot water and also heats a swimming pool. He considered the heated pool to be a luxury,
as he would not likely heat the pool another way. The system “allows [them] to use the
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pool more often, and it extends the season” (Dan, personal communication, November
29, 2017). They have two electric cars and value the savings as well as the environmental
benefits that are possible with their system.
Tom
Tom and his wife have two children who were ages five and seven at the time of
the interview. They live in a newer residential area. He works in the technology field and
described himself as a ‘geek’ (Tom, personal communication, December 1, 2017). He
started becoming interested in environmental issues and renewable energy in the late
1990’s, and grew more interested over time. He and his wife drive plug-in, electric hybrid
cars, and he is very involved in the electric vehicle association as part of living an ecofriendly lifestyle.
When Tom and his wife married, they knew they wanted to put solar panels on
their home. They chose the building lot for their house partly based on its good
orientation for solar panels. The builder had a solar-ready option which they also chose,
to allow easier wiring for the solar technology during the building of the home. Given his
background, Tom was familiar with solar technology. He then started researching the
technology specifically for his home about a year before the installation. Tom and his
wife installed solar technology in their home just over four years before the interview.
Ella
Ella and her husband have two children of the ages eight and 11 at the time of the
interview. They live in a residential area in the outskirts of a town near the city. Her
husband has a background in Engineering. Ella’s field was Marketing and she had a good
understanding of finances. As Ella explained, they had always “been incredibly
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environmentally conscious, pro-Earth really, and finding any way to alter a modern home
into something that is as close to being as Earth friendly as possible” (Ella, personal
communication, February 20, 2018).
They started looking into solar technology for their home two years before they
installed it. They originally planned to work with a different company. They appreciated
the combination of the roofing company and this solar technology company, which
signified to them a long-term commitment and was a situation that they could trust. They
have the maximum amount of solar panels allowed for a residential system. With full
southern exposure, the panels extend slightly beyond the roof line to fit the whole system
on the roof. They installed their solar technology in 2013.
Kye
Kye and his wife have an adult child who no longer lives at home and a 14 yearold niece living with them. He and his family moved to the city in 2015, and bought their
house in 2016. He noticed solar panels on the rooftops of some homes and began to look
into the technology for his own home. He installed the solar technology one year before
the interview. The solar panels on the roof of Kye’s home are in three sections facing
east, south, and west, to allow maximum exposure for collection from the sun.
All of his work in the past 30 years was relevant to these solar panels, including
his background with power plants, semiconductors, and then combining clean energy. He
found it poignant that, given his work after all of these years, having solar panels means
that he had his own power generation plant (Kye, personal communication, January 12,
2018). Further, he felt that solar technology was a culmination of the knowledge that he
acquired throughout his career.
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Burt
Burt and his wife have two children, ages four and eight. He is a school teacher,
with a strong belief in the use of renewable resources. He is one of the organisers of the
eco-team at his school. As owners of solar collectors, he did not feel that he and his
family were doing something special, but were simply trying to contribute how they
could to reducing their carbon footprint. He regarded his interest in solar technology to be
a side hobby. He explained that he was not an expert in the science and the tiny details, as
the solar technology was just a small part of his whole, busy life (Burt, personal
communication, August 27, 2018).
They installed the solar technology for their home in 2013, approximately five
years before the interview, with the intention of staying in that house. When he and his
wife decided to move after their second child was born, they considered options for solar
technology on their new home. They chose to move their existing solar panels and reinstall them on the new home. His panels were situated on the back of their house. Burt
noted that the aesthetics factor of the collectors might be an issue for some people, but it
did not concern him, as he saw that the benefits of the solar technology were far more
important.
Sue
Sue is an executive with a small solar technology company which was the source
of the solar technology for the other participants. She and her husband established the
company together, and have been in operation since 2008. Their expertise came from
Germany, where they grew up with solar technology as common practice. The staff is
small, but they are one of only two solar technology companies which continue to
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function in the area. Along with residential installations, the company provides solar
technology for a variety of situations including large installations for remote sites in the
Canadian Arctic (Green Sun Rising [GSR], Remote Community Projects in the Canadian
Arctic, para. 1).
The company began installing solar technology based in the southern Ontario
urban area at a time when the technology was not well known like it was in other parts of
the world. Sue and her husband recognised a need for the company to provide clients and
the general public with education about solar technology, which they continue in various
forms today. She helped clients to adopt the technology with the microfit, governmentincentive program. The program paid homeowners, originally 80.2 cents, for each
kilowatt hour of electricity that they produced with their solar panels as a tool for
acquiring the solar system (Sue, personal communication, December 7, 2017). Sue’s
knowledge of technical details, political points, and interpersonal aspects combined for a
particular perspective of solar technology adoption.
Data Collection Procedure
For details about the study, I composed a formal Letter of Information to provide
potential participants (See Appendix A). This information was provided to the company
executive in both hardcopy form and digital form, as an email attachment. Participants
were provided with the information by email from the executive as part of the initial
contact about the study. The Letter of Information for participants explained that the
researcher was in no way affiliated with the company. Participation was voluntary. A
person may choose not to participate without consequence, or choose to withdraw during
the study without consequence. The information invited potential participants to contact

55

the researcher directly by telephone or email to ask for information about the study prior
to becoming involved in the study.
The Consent to Participate accompanied the Letter of Information (See Appendix
A). Consent included agreement to participate as well as agreement to audio taping of
interviews, still photographing, and occasional video recording of daily activities related
to use of the solar technology during times of observation. Within the information,
participants were informed of the right to withdraw from the study without consequence.
The information provided participants with assurances of confidentiality. The information
indicated that potential participants were welcome to contact the researcher’s advisor as
well. As a whole, the initial information that was given to participants was intended to
communicate the details of the study, explain consent, and request participation. With
this informed consent, participants were invited to be part of the study.
The Letter of Information and Consent to Participate were among the details
which were approved by the university research ethics board. Prior to contact with the
potential participants, the research ethics board granted approval to proceed with this
study involving human participants. Within the study information, participants were
provided with contact information if they wished to speak with a member of the research
ethics committee directly. Approval of the study by the research ethics board was noted
in the information.
As participants, the six homeowners with solar technology, residing in Essex
County, were interviewed to learn about their opinions and experiences with the
technology. Participants were sought as sources to better understand the views,
knowledge and experiences related to the learning and use of the solar technology, from
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the perspective of those who actually learn and use the technology. The executive, the
primary contact for the solar technology company, was also asked to be a participant by
the researcher directly, as a source of organisational information and insight related to the
solar technology.
The group which was involved in the study created a bounded system (SavinBaden & Major Howell, 2013) and allowed a holistic, global inquiry into a single unit of
analysis (Yin, 2009). According to Yin, this single case was not a critical or unique case
but was a representative case with processes and context that were typical of other groups
that sustain appropriate technologies. The participants were verbally informed of the
process expected to follow the data collection, including the analysis, dissertation writing,
and anticipated publication of the research article. Participants were informed that they
would be notified by email regarding the research article publication following the
completion of the study.
Interviews
As a source of data for collection, interviews were used to guide conversation to
learn about the participants’ personal experiences, knowledge, and views about their
learning related to the appropriate technology. All interviews were conducted privately,
with only a single participant present for the interview. Participants were interviewed on
separate days, and interviews were conducted over several months, given the availability
and convenience of the participants. The interviews lasted between 48 minutes and one
hour and 15 minutes, with most of them one hour long. The interviews occurred on site
where possible, in the participants’ homes as their natural environment. For personal
reasons, three participants requested that interviews were conducted off-site, one at a

57

public library, one by telephone, and one at the solar company office. One of these
participants provided photographs of the solar technology at home, and all of these
participants provided considerable verbal descriptions. The organisation executive was
interviewed at the company office.
Interview questions for the executive began with basic information about the
executive’s role and work with the organisation (See Appendix B). Then questions were
posed related to background information about the implementation of the technology for
the group of homeowners who became participants, time frames related to use of the
technology, general processes for using the technology, impressions of acceptance of the
technology, benefits and challenges of the technology use, and views about the learning
among people related to the technology.
Interviews for homeowners began with the questions developed (see Appendix C)
for inquiry of general information about a participant, including the role in the family,
number and relationship of family members (e.g., children), and duties of the
participant’s role. Following the basic information, the participants were asked questions
about personal experience, knowledge, and views about the learning related to use of the
technology.
The study was directed by the research question: What learning occurs within a
group which sustains the use of an appropriate technology? Subsidiary questions that
supported this fundamental question were asked of the participants to better understand
their learning. The questions that were asked were intended to gain a deeper
understanding about the participants and their experiences with the technology. Questions
to gain insight into the learning which sustains the technology were the focus. With the
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research question as the foundational question underlying the inquiries, interviews
included questions to help to understand the participants’ learning.
For the relatively open interviews of this case study, the questions were used as a
guideline. The preparation of these questions required great responsibility, with respectful
involvement of the participants. Questions that evolved naturally allowed comfort and
ease for the participants, aspiring to conversation as research (Brinkmann & Kvale,
2015), which contributed to data collection. One set of 20 questions was prepared for the
executive (see Appendix B), and a separate set of 20 questions was prepared for the
homeowners (see Appendix C). The executive had no input into forming the questions for
the other participants. The participants’ responses prompted additional, more refined
questions. At any time, a participant could request that an interview stop, but no request
to conclude an interview was made.
During the interviews, I took hand-written notes, using pen and paper on a writing
surface, and asked for clarity where needed. Note-taking was extensive, to collect
detailed information provided by the participants as they replied to questions and
expanded on their thoughts. Responses to the questions were written on paper following
the printed questions that were posed, continuing on more paper if more space was
needed.
With the consent of the participants, the interviews were audio recorded. The
audio recordings were captured by two mobile phones as digital recording devices. For
the six homeowners and one executive participant, 14 audio recordings were captured,
with two recordings for each interview. The recordings began following initial greetings,
and stopped when the interviews concluded. The audio recordings enabled the researcher
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to review, compare with hand-written notes, and request clarification if needed, to ensure
accurate data collection. At any time, a participant could request that the interview and/or
recording stop, although no request to stop was made.
Observation
Observation of participants during activities that relate to the case were another
source of data. Observations took place in conjunction with interviews to allow a firsthand account in real time and in the authentic context (Yin, 2009). Direct observations
were intended to further understand the behaviours of participants related to the use and
learning of the solar technology. Observations were made in the homes of participants as
their natural settings. Among the interview questions, to facilitate observation,
participants were asked if they could demonstrate how they used the technology.
To document the observed behaviour of participants, audio recordings and hand
written notes were taken during the verbal descriptions and actions of the participants.
Several still photographs were taken of the technology to allow for recall, description,
and analysis. Recordings of more complex activities allowed me to review and compare
with the written notes, to ensure accurate data collection. No video recordings were
taken, partly because I did not want the participants to become uncomfortable, and partly
because video recordings did not seem warranted. Still photographs seemed sufficient to
collect the necessary data.
Observed actions consisted primarily of the procedural activities of the
participants, including checking the physical components of their solar systems and using
a small monitoring device that accompanied the system to check the activity levels of the
technology. Interaction with participants during use of the solar technology allowed
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valuable insight. Given the location restrictions, some participants were not observed
working with the monitoring device of their systems. However, based on their verbal
descriptions, all participants possessed similar monitoring devices that were used in the
same ways. Observation was also anticipated for the learning processes that occur related
to the technology, such as instruction and modelling of the use of the technology by a
more knowledgeable other (Vygotsky, 1978) intended to teach another person.
Interactions with others in instructional capacities were not observed although
participants’ regular verbal description of such interactions allowed for collection of
related data.
While I acknowledge my own interests in the research topic, I attempted to
minimise my influence on the participants’ responses. I aimed to remain neutral in my
exchanges during participant interviews and observations to allow the participants to freely
voice their ideas. I regularly did not express my personal beliefs and avoided the use of
leading questions that sway responses. In the presentation of the data, I worked to include
representation of a variety of views related to the research question in the reporting of this
study. I also incorporated data that opposed my expectations. I endeavoured to minimise
my influences so the findings were “the result of the experiences and ideas of the
informants, rather than the characteristics and preferences of the researcher” (Shenton,
2004, p. 72). I hope that my efforts helped to create a balanced understanding of the
phenomenon.
Document Review
For other sources of data, data collection included gathering literature used to
distribute information about the solar technology, including literature provided in
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websites (see Appendix D). Such literature also constituted archival records (see
Appendix E), as formal documentation related to the implementation and use of the
technology. As another source of data, physical artifacts included the physical parts of the
technology and the monitoring device. These physical sources of data were examined on
site, at the company office and at the participants’ homes, with written notes and
photographs taken for their description.
The many sources of evidence, a strength of case study (Stake, 1995), facilitated
triangulation with “converging lines of inquiry” (Yin, 2009, p. 115). Following data
collection, triangulation allowed comparison of information to find corroboration
(Wiersma, 2000). Data source triangulation was used to check the consistency of
different data sources within the same method, and methods triangulation was used to
check the consistency of findings generated by different types of data collection (Patton,
1999). Triangulation was primarily of interview data to compare responses among
homeowners, and also to compare homeowner responses with the company executive’s
responses. Data from observations were triangulated with interview data. Data from
source literature and archival materials were triangulated with interview and observation
data to a lesser extent. For example, information from the homeowners, the executive,
and the company literature provided clarity about the instruction that the company
provided. As another example, comparison of several participants’ experiences with the
system monitor also helped to clarify the data. The majority of the findings evolved from
the interview data.
The opinions of several participants were sought to clarify comments, as is
common for qualitative case studies (Merriam, 1998). The opportunities allowed these
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participants to provide feedback for the researcher toward documentation of the research.
These members’ checks contributed to the credibility (Anfara, Brown, & Mangione,
2002) of the research. I strived to earn the trust of the participants, through open
communication and respect, with the hope that people felt comfortable and safe during
interactions related to the study. The comfort of the participants was furthered by my
direct contact with homeowners in a professional yet relaxed manner. For the data
collection, participants were interviewed privately, by choice, without other family or
other group members present. For confidentiality, the data which was collected verbally
and visually, in field notes and recordings, was kept securely and was accessed only by
me. Further, the group vulnerability and research risk for each method were considered as
minimal by the university ethics board because the risks of being involved in the study
were no greater than participants encountered in their everyday lives. No known risks
were associated with involvement in the research.
Data Analysis
For each participant, I read through the hand-written notes numerous times. The
accompanying audio recordings were digitally copied two more times to an additional
electronic source, as back up, in the event that an audio recording was inadvertently
damaged. To transcribe all of the interviews, I listened to the audio recordings numerous
times using headphones and a laptop, repeatedly reviewing the recordings to ensure that I
carefully transcribed the audio data into printed material and that participants’ comments
were accurately quoted in the study documentation. As the researcher, I was the only
person to analyse the data.
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The data was analysed to discern themes which arose in the participants’
information. The themes were documented and substantiated by quotations from several
of the participants. I was also attentive to potential emergent themes that the participants
raised and possible cases that did not fit expectations, as information that was not
anticipated prior to data collection.
Findings were drawn using coding for themes, to reduce the data but retain
meaningful representations of the data and answer my research question. The “rich,
complex narratives” (Ryan & Bernard, 2003, p. 86) provided during the participant
interviews in this qualitative study were later reviewed recursively for the analysis. I
analysed for themes that categorised the experiences of the informants (Saldana, 2015). I
involved considerations for simple word repetition, keywords, metaphors and analogies,
connectors, and line-by-line scrutiny, and I also became aware of missing information
(Ryan & Bernard, 2003). As an example, line-by-line scrutiny helped to distinguish
points in language-dense responses that indicated several different themes.
As another example, involving both word repetition and connectors, responses
that repeated terms such as “contribute”, “do our part”, and “reduce our footprint” formed
the basis for a theme related to participants’ interest in helping the planet with
environmentally-sound practices. In the written notes, coding for identification of these
responses was a circled “p” for planet. In the transcribed material, I copied and pasted
related responses into a group named “planet”. Responses deemed relevant for the theme
included some substance, and were not included if the response had only a cursory
mention related to helping the planet. From the group, I selected representative quotations
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for the findings, choosing one quote for entry in the results chapter of the report from
among three similar responses, for example.
Eventually, for the interpretation of the data, theory was incorporated and ideas
were synthesised. I was aware that my biases influenced my identification of themes,
although I strived to be respectful of the data and responsible in my categorising of the
ideas. The data were organised for written presentation. Guided by Yin (2009), this case
study included data analysis that extended beyond purely description to developing an
interpretive account of the phenomenon.
I reviewed the still photography that was taken during times of observation. I also
reviewed the other sources of data, in the form of printed material that was provided by
the company executive. Identifiers which distinguished the participants were removed for
the reporting of the data in the study to protect participant identity. While composing the
information about the participant characteristics, I chose pseudonyms to replace the
participants’ actual names to ensure confidentiality during the document writing and
reporting.
Data will be retained until my dissertation is completed with the approval of the
academic committee, and reporting of the study has been completed for publication.
Written and typed records will be burned by the researcher, including the records kept of
interview and observation times for each participant. Audio recordings will be deleted.
Photographs will be deleted. Copies or still recordings of documentation, records, or
artifacts will be destroyed by me by deletion, other than copies which may be included in
the document detailing the research. Questionnaires which list only original questions,
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with no answers, remain as appendices in the final dissertation document, as instruments
of measure used in the study.
For quality in this qualitative research, I aimed to meet Guba’s (1981) four criteria
for trustworthiness in qualitative research with strategies he suggested. Toward the
criterion of credibility, to ensure the study measured what was intended, I used wellestablished research methods and members’ checks to help to confirm the data collected.
I employed triangulation using different informants and different types of sources,
including several participants, archival material, and organisational literature. Prolonged
engagement, to develop familiarity with the organisation and participants to establish
trust prior to interviews, took place over several months of interaction with the
gatekeeper and in many more months during data collection, initial contact with
homeowner participants about the study, and direct communication with participants by
telephone and email to inform and answer questions.
For Guba’s (1981) criterion of confirmability, to show that the findings emerged
from the data and not my predispositions, I used triangulation to reduce the effects of
investigator bias, clarified my beliefs, acknowledged limitations of the study, and
provided an in-depth description of the methods to allow the integrity of my results to be
scrutinised. For transferability, so the reader can know if the findings can be applied to
another setting, I provided background information for context and a detailed description
of the phenomenon to allow comparisons to be made. The results of this study may have
some relevance for understanding other situations involving learning that facilitates
successful use of technology, although the results do not fully represent other similar
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situations. For the criterion of dependability, I aimed to adhere to case study procedures
and provided a detailed methodological description to allow the study to be repeated.
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CHAPTER 5
RESULTS
The importance of the continued use of solar technology prompted me to conduct
this study for answers to the research question: What learning occurs within a group
which sustains the use of an appropriate technology? Toward answering the question, I
completed the data collection and present the results in this chapter, reserving fuller
analysis and interpretation for chapter 6. I obtained these results through participant
interviews using the questions from my research instruments (see Appendix B and
Appendix C). Data from others sources of evidence (Yin, 2009), including participant
observations, source literature (see Appendix D), and archival material (see Appendix E),
are included throughout the chapter. Data from all sources were carefully analysed to
identify the themes (Yin, 2009). The findings are organised as a cross-case presentation
(Yin, 2009), illuminating the emergent themes of this research in an especially
compelling way. The themes are provided with subheadings, highlighting aspects that
contribute to answering the research question. The themes are: Impetus for Technology
Adoption: The Financial Piece; Impetus for Technology Adoption: Doing Our Part to
Help the Planet; The Passionate Initiators; Passion as Connection; Learning with Others
Inside the Home; Learning with Others Outside the Home; Current Technology Inspires
Learning for the Future, and; Lack of Learning Post Installation. The many participant
quotations, along with the data from the participant observations, source literature, and
archival material are evidence of the findings.
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Impetus for Technology Adoption: The Financial Piece
One of two key concepts that arose as impetus for participants to adopt solar
technology was economics. The financial aspect, or ‘the financial piece’ as two of the
homeowners termed it, was relevant to all of the participants in using the technology in
their homes, in varying degrees, and for different reasons. This theme involves data that
demonstrate that finances were a main reason participants adopted solar technology.
Frank felt that he had to do something because electricity was the only power
available for one of his homes and he “had an absolute distaste for [the electric company]
and the fortune they were charging” (Frank, personal communication, November 23,
2017). Because the solar system required an initial cost to install, several participants
noted their consideration of the investment. For example, Burt offered his view.
I thought solar technology was great. My concern was the financial piece.
Obviously, the science behind it, I was all for, so it was just a matter of looking at
the details to see if it was feasible for the family. (Burt, personal communication,
August 27, 2018)
Ella explained how her family’s solar adoption started.
We actually started looking into it two years before we got it. . . . We ended up
looking up [the solar technology company] when we needed to get new shingles
and [the solar technology company] works with [the roofing company] with the
steel roofs so warranties stay in play for both. They work together . . . The money
we are making pays for our steel roof. (Ella, personal communication, February
20, 2018)
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Kye speculated that adopting the solar technology “seems to come down to
money rather than the longer-term view” (Kye, personal communication, January 12,
2017). Tom also discussed a particular aspect related to finances, as “the only part that
took some effort was the financial piece . . . to do the taxes . . . that was probably the
trickiest part” (Tom, personal communication, December 1, 2017).
However, the financial benefits of adopting the solar technology were evident in
the responses of the homeowners. Frank explained the benefits for him.
I am an economist. I can do the economics, and the economics are very clear. The
panels on the island will be paid off in about eight and a half years, so that's about
an 11.5 to 12 percent rate of return, roughly speaking. The panels here in the city
[where] I sell into the grid, that rate of return is about 10 percent a year and that
will be paid off in 10 years. Both 10 and 12 are excellent rates of return . . . and I
paid for the life of the program, so after I'm dead, I'm sure it will still be
producing income. (Frank, personal communication, November 23, 2017)
Sue, the company executive, also clarified that the financial aspect was often the
primary reason that people chose to adopt solar technology, stating that “it's about the
finances, and I mean, it's understandable. People are always financially motivated” (Sue,
personal communication, December 7, 2017). Sue explained the program in detail and
added that “it sometimes takes a couple months before you receive your first cheque, but
as soon as you're connected, the meter is spinning, and you are harvesting. Your power
plant is operating” (Sue, personal communication, December 7, 2017).
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Impetus for Technology Adoption: Doing Our Part to Help the Planet
Examination of the data revealed that a strong desire to help the planet was also
inspiration for the participants to adopt solar technology. All of the homeowners
expressed an interest in being environmentally responsible. The solar technology
presented a way to involve sustainability in their lives. From the company’s perspective,
Sue noted that “the percentage of environmentally motivated customers is still on the
lower side” (Sue, personal communication, December 7, 2017). Yet, every participant
expressed environmental concerns as being important in their decision to adopt the
technology. This theme is based on data that demonstrate an interest in helping the planet
as another reason participants adopted solar technology.
Burt expressed his pro-environmental concerns.
I am interested in renewable energy and concerned about the planet and what
we're doing to it. It’s an interest of mine. Once I found out about the microfit
program, I thought it would be a good way to do something positive in that
regard. It is a little crazy that we have all these rooftops not doing anything that
could be creating solar energy. I'm a believer in renewable resources. I would like
to see a reduction or an elimination of fossil fuel use. I know that my roof is small
but at least at least it is something that I can do specifically. (Burt, personal
communication, August 27, 2018)
Ella also noted her family’s contribution to helping the planet.
Putting in solar panels, I know I'm doing something good for the Earth. Solar
technology means a cleaner planet. It means being less selfish as a human being,
and recognizing the innovation in the alternatives that we can come up with as
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people to kind of make up for what we're doing to the Earth. (Ella, personal
communication, February 20, 2018)
Similar to other participants, Dan stated his interest in using solar technology.
We are doing our share to make a difference. It gives you peace of mind that you
have some of that renewable energy source that is both free and you are taking
heat that the Earth has too much of. You're able to take a nice hot shower without
feeling guilty… and not worry where the energy is coming from. It gives you
peace of mind. (Dan, personal communication, November 29, 2017)
Echoing the assertion that the efforts of one family can make a difference, Tom shared
his beliefs too.
It's important to me to be able to take a little bit of action that helps offset my
contribution to climate change. If I didn't have it, I would probably have more
guilt about my contribution to climate change. We actually just got our second,
plug-in car. Knowing that a portion of the electricity that I'm generating can also
drive the car with no emissions makes me feel good. (Tom, personal
communication, December 1, 2017)
Kye’s interest in helping the environment through the adoption of the solar technology
was clear, as he commented “what if a million families used this technology? I feel sad to
see not many people’s roofs have this power generation. For me, I didn't have a second
thought installing this” (Kye, personal communication, January 12, 2018).
Examination of the interview data found that participants commonly noted both
financial and environmental aspects simultaneously as important factors in adopting their
solar technology. They were pleased with the ability to enjoy the combination of benefits.
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Ella noted that “financially, definitely it's been beneficial, and just knowing that I did
something has been beneficial, peace of mind” (Ella, personal communication, February
20, 2018). Tom noted the combination, as it “made a lot of sense to be able to use wasted
space, on the roof, to generate clean, renewable electricity and either use it or provide it
to the grid” (Tom, personal communication, December 1, 2017).
Dan found that his system had several benefits.
It helps with the daytime heating load and the cost. . . . We always wanted to do
some kind of solar, a combination of saving energy and helping the environment,
for a return on investment, and more importantly, the reduced pollution and
carbon emissions. (Dan, personal communication, November 29, 2017)
Frank asserted a similar view about the combination of finances and environmental
benefits.
I like seeing money and I like doing good for the environment. I can do them
both. Renewable energy is cheaper and cheaper and at the same time you don't
use [sic produce] CO2s. You can't go wrong saving money and doing good for the
environment. Now I'm hooked. (Frank, personal communication, November 23,
2017)
Financial and environmental aspects also blended in Kye’s comments.
It seems to come down to money rather than the longer-term view. A lot of people
don't understand this. I think people still have short-term thinking. Even if they
have a technology background, their view is more about the financial return rather
than environmental impact or carbon footprint. . . . This is not just an investment.
There are lots of things behind this, like clean energy. You need to change your
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mindset. Some of my friends say ‘Oh, that's too expensive’ and view this as an
investment not worth doing. Clean energy and the environment. This is not short
term. The view is a lot more strategic. (Kye, personal communication, January 12,
2018)
As well, Burt clarified that the merging of finances and sustainability was impetus
for his family in adopting the technology.
We're not doing it solely to make the money off it. That is a benefit of the
program. The financial aspect is nice obviously, and it’s an investment, but it's an
investment that's actually helping the planet. It's win-win the way we look at it.
(Burt, personal communication, August 27, 2018)
As well, among her comments, Sue pointed out finances and the ecological aspect.
The biggest interest was the generous government tax that was introduced with
the microfit program, so the financial interest was high. At first, clients who are
investing focus on the finances, and not on the ecological part. The tax was a tool
to help homeowners acquire the solar system. (Sue, personal communication,
December 7, 2017)
The Passionate Initiators
The data from the interviews demonstrate the finding that, in every case, the
adoption of the solar technology for the participants’ homes appeared to originate with a
family member who initiated the project, sought learning experiences about the
technology, and had a passion for involving it in their lives. Data that reflect these three
qualities are included in this theme.
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Dan commented that “I did a lot of research. I've been researching it for years
[with] a lot of reading specific to this technology. You could say I took the lead on it”
(Dan, personal communication, November 29, 2017). Frank “started doing a lot of
investigation” (Frank, personal communication, November 23, 2017). He explained his
thinking before he had it installed.
I had some knowledge, not technical because it's complicated. I still don't have
some of the complicated stuff down, but I had an overview. I knew what it was
going to do. I read everything I could. (Frank, personal communication,
November 23, 2017)
Kye’s initiative was relatively quick, as “this was almost an instant decision. . . . I began
looking at these [solar technology] companies, and then I find this company” (Kye,
personal communication, January 12, 2018).
In the homes of participants who referred to themselves as co-decision makers
with their spouses, both of the spouses in the home appeared to be instrumental in
pursuing the technology. Burt noted the start for his family.
I was kind of the one who initiated the whole thing, and we talked about it over
months and decided it was something we wanted to do. It was a joint decision. It's
a big investment, learning together about it, making a decision from there. (Burt,
personal communication, August 27, 2018)
Tom clarified his situation.
My wife feels similarly. I might be a bit more passionate than she is but she's very
supportive of it, and she also has the same mindset that it's good for us to be
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reducing our environmental impact, our footprint. (Tom, personal communication,
December 1, 2017)
He researched the solar technology specifically for his home a few years before the
installation. Mainly with Internet searches, he looked at the options for solar systems, the
options for financing, and the information about the government microfit program (Tom,
personal communication, December 1, 2017).
In Ella’s case, she and husband were both very involved.
My husband was the one who actually brought up the possibility of doing solar. I
was very excited with the idea of it. We can't keep pulling fossil fuels out of the
Earth, so we’re definitely always looking for alternatives. We were excited about
the idea of being kind of ahead of the time and getting on that bandwagon. (Ella,
personal communication, February 20, 2018)
The initiative of the participants extended to the participants being among the first
of people they knew to install the solar technology.
Neighbours were definitely intrigued when it was all happening. [They] came
over and wondered. I think we're the only solar panels in our neighbourhood, so
people were kind of intrigued. We were the first ones was a steel roof too, so
people were [wondering], ”Oh, what's going on there?” (Ella, personal
communication, February 20, 2018)
Kye noted that “In my community, I see three or four [homes with solar panels]
including mine. There should be a hundred in that area” (Kye, personal communication,
January 12, 2018).
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In considering reasons why he was one of the few people with solar collectors near him
to use the technology, Tom commented further.
People don't seem to have the interest or don't want to make the effort because it
does take effort. I'm surprised that more people have not had it installed because,
I've said it to a few people before, for me, it was pretty much a no-brainer because
it was something I could do that benefits the environment, but it really doesn't
cost anything because you get paid for the solar electricity that you generate . . .
there are houses in the area that seem to have them [although] none of my
neighbors. (Tom, personal communication, December 1, 2017)
Frank noted that “it's been around for a long time, so it's one of those things that
percolates in the back your mind. It's like, I’ve got to do something. It’s the act of facing a
hurdle, and, well, I should look into this” (Frank, personal communication, November 23,
2017). He explained that at the time he installed the solar technology, apart from a
neighbour by his home outside the city, he was the only one using a solar system.
I think a lot of people are interested. You’ve got to take a jump a leap of fate to
some degree, when you were the only one on the block with solar panels. You
sort of stick out when you're the only guy on the block. Now there's another guy
on the block. Down the street here [at their home in the city], you'll see three or
four. Ours is the first one. And then there are one or two on the other side of the
street. . . . [Sue] said ‘You are not an early adopter, you are a pre-early adopter.
You are a pioneer’. (Frank, personal communication, November 23, 2017)
Burt commented that “neighbours across the park have panels on the front of their
house that I can see” (Burt, personal communication, August 27, 2018). Similarly, Dan
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was aware of one other person in his area with a solar thermal system, but had no contact
with the person (Dan, personal communication, November 29, 2017).
The passion that the initiators felt about including the solar technology in their
lives was evident. Tom referred to himself specifically as being passionate about the
technology (Tom, personal communication, December 1, 2017). Dan agreed that the solar
system was a passion project with “room for potential, whether it's for experimentation,
or the way it is now. We're utilizing all the heat as it is anyway” (Dan, personal
communication, November 29, 2017), and also explained that “even as a kid I was hoping
to do something. I was always thinking about it the idea” (Dan, personal communication,
November 29, 2017). Ella explained that “when you are passionate about something, you
can't stop yourself from talking about it, so when it comes to the planet, I have to try to
stop myself from talking about it” (Ella, personal communication, February 20, 2018).
Burt’s conviction was clear. “I'm glad that we're doing something – role modeling
– for our kids. That's a big thing for me. It’s peace of mind to have that lifestyle” (Burt,
personal communication, August 27, 2018). As well, Frank clarified his beliefs.
I am probably more enthusiastic about it now than I was even then. Fifteen years
ago, I said, “So what is this climate change? Something my grandkids have to
worry about? Not me. I've got to learn about it.” So I haven't stopped. There's the
whole psychology of it. Scientists are freaking out, and that's very rare because
usually it's the public freaking out, not the scientists. I knew I better take this
seriously and start studying climate change. I'm very much into it. So I just started
reading more and more, and I haven't stopped. (Frank, personal communication,
November 23, 2017)
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One of Kye’s dreams was to have his own power plant, so “seeing the solar panels
was a dream come true. I used to build power plants for other people. Now I’ve built a
power generation plant for my own use” (Kye, personal communication, January 12,
2018). Reflecting that devotion, from her position, Sue commented as well.
People are passionate about it. They are environmentally motivated and what they
want, the long-term application for their own lives . . . environmentally inclined
people are the people who are passionate. We certainly have clients who are only
financially motivated, and we don't really hear a whole lot from them. (Sue,
personal communication, December 7, 2017)
Sue found that being passionate about the solar technology was a contributing factor in
clients’ ongoing use of the technology.
Passion as Connection
In every case, not only were the initiators of the technology devoted to including
the technology in their lives, but they also deeply connected with the technology through
a commitment that existed in their background, prior to considering the technology
adoption, whether it was past work experiences, environmental concerns, their values, or
all three elements. This theme highlights participants’ connection with the solar
technology in relation to a commitment in their backgrounds.
Dan noted that it was helpful to have considerable knowledge related to the
technology, given his background, clarifying that “it helps that I am a power engineer
station manager by trade, so I know about heat transfer and the mechanics end of it as
well, with geo-thermal heating and cooling in the summertime” (Dan, personal
communication, November 29, 2017). With his background, he was able to understand
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the system very well, which in turn, gave him a confidence about approaching matters.
“It’s true! I think it helps, too, when I compare what I know about the technologies” (Dan,
personal communication, November 29, 2017).
While environmental aspects were very important to Frank, the economics related
to the technology resonated with his background as an economist. Frank commented that
“the cost keeps on falling big time, and so I would say that I am probably more
enthusiastic about it now than I was even then because it would even be cheaper” (Frank,
personal communication, November 23, 2017).
Tom’s interest in environmental issues and renewable energy had increased since
the 1990’s. He and his wife knew they wanted to install solar panels on their home, and
chose the lot for their home based partly on its solar orientation. Tom also had
considerable knowledge of solar technology before he installed it, related to his
background in technology. He was interested in the science, and recalled an interest in
solar calculators when he was young. He was always very aware of solar panels and solar
generation of electricity (Tom, personal communication, December 1, 2017).
Ella shared her pro-environmental views.
We've always been incredibly environmentally conscious, me especially, coming
from a hippie kind of point of view. . . . a hippie kid wearing all the shirts that
said activist stuff. . . . My husband has a background in Engineering, so he has
always appreciated [the solar technology] as well. We have a lot of products in
our home that benefit the environment, so solar panels would definitely be high
on the list for us. (Ella, personal communication, February 20, 2018)
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Kye explained how his deep connection with solar technology evolved over many
years, beginning as a young man.
When I was in the Navy, I was interested in physics, and became an electrical
technician for the aircraft maintenance crew. Later, I joined the power company
because of my background, and learned about electric power generation. I was
involved in the construction of many power plants. That’s generation of fossil
fuels. Then I spent 11 years of my career with a semiconductor company, and
involved in clean energy and the environment. Having completed all these things,
I realised solar energy is power generation plus semiconduct[ion]. I know this
industry; power energy, semiconductors, clean energy. That's a culmination of my
knowledge, my 30 years of learning experience. No one has to tell me what this
is. I understand what it is. (Kye, personal communication, January 12, 2018)
Kye felt that the learning in his background was clearly relevant to his use of solar
technology.
Learning with Others Inside the Home
The initiators of the solar technology for the home tended to be the people who
taught the other members of the household. Knowledge about the solar technology
developed as the initiators shared what they knew about the technology with other family
members in the informal learning setting of the home. This theme includes data to
demonstrate learning about the solar technology that took place among family members.
Tom noted that in his home, they “learn by paying attention. We do not talk about
it very often, but I let [my wife] know if I dig into something” (Tom, personal
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communication, December 1, 2017). He further explained the interaction with their
children.
They are still too young to really understand it, but we've talked about it, and they
recognize solar panels and what they do. We've talked about it, that it's good for
the environment. . . . [They learn] through both my wife and me. It is still hard to
try and describe things in a way that is relevant for them. . . . They know about
recycling . . . they know that one of our cars is electric. . . . [My son] was making
the connection that solar panels make electricity, and he knows that electricity is
used for the car, so he has made that connection, so that's good. They know that I
was explaining to them that it's better for the environment. He's starting to
understand steps we take as a family. (Tom, personal communication, December
1, 2017)
In Frank’s situation, he did all of the learning about the solar technology, and then
he explained what he learned to his wife. “She’s keen on it” (Frank, personal
communication, November 23, 2017). Frank added that his adult children were very
receptive about the technology “and I think they think it’s cool that I am still open to
these new technologies” (Frank, personal communication, November 23, 2017). Frank
felt that his family members learned about the solar technology primarily through him.
Dan’s wife and children also learned about the system mainly through him, as he
explained.
Usage is a concern for my wife as well. She likes being able to take a shower at
any time of day and not think twice about it. . . . The kids are aware of it in more
than one way. I'm sure they're not aware of the geo-thermal heating cooling, but
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we have two electric cars, and they know that energy usage and pollution are on
our minds all the time. . . . They are still young, 10 and 12. I imagine sooner or
later they are going to show more interest, maybe have a school project on the
issue . . . right now, it's not a whole lot. They may ask questions on occasion on
how it works and whether we are heating the pool or heating the hot water, that
type of thing. Sometimes I change [the system priority] depending on what's
happening in our home life, whether we need the pool heated for a pool party.
Then we make the adjustment. That's when people are paying attention, when it
means something to them. (Dan, personal communication, November 29, 2017)
In Ella’s home, the children learned considerably about related issues from the
parents. The solar technology was important to all of her family members as part of an
eco-friendly lifestyle. For her family, where learning about the technology was often “just
through listening and talking” (Ella, personal communication, February 20, 2018), Ella
further clarified her family’s beliefs about the solar technology.
It means the same things to the rest of our family. . . . We don't necessarily have
specific conversations about the solar panels. It's just another example of how we
live. When we talk about the environment, we definitely refer to the solar panels
on the roof and then we'll talk about that. . . . We try to instill in our children that
it is more about the environment than anything else. Our children are very
apathetic to the planet. We try to educate them as far as doing what you can for
the Earth. My daughter especially is a major tree hugger. She is on the eco-team
at school and all that, and I am super proud. My son at Halloween saw a kid throw
a package on the ground, and he yelled out ‘That's terrible for the Earth!’ I think
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it's because we do talk about these things because it is right in our house. We heat
our house with corn too – that’s the corn stove you hear. (Ella, personal
communication, February 20, 2018)
With further consideration, Ella continued. “That makes me think. Instead of me
doing this research, in a few years, my daughter can, as a project, and she can learn for
me! That would be good” (Ella, personal communication, February 20, 2018). She mused
briefly about younger family members teaching the adults.
For Ella, things had not been hard to learn, but she admitted that she had chosen
not to learn a lot. She had not been more involved because she knew that she could rely
on her husband.
I'm not an engineer by trade, so I can leave that stuff to my husband. He will
understand it. He understands the technical things. I suppose if it gave me a
problem, I would have to learn more, but because it's all working so well, why
bother. (Ella, personal communication, February 20, 2018)
Instead, she dealt with the business side of it. She is the person to “get the statements, and
handle the financials, the HST, that kind of stuff. It’s a passive business, so I just go to
the computer for 15 minutes every quarter and that’s it” (Ella, personal communication,
February 20, 2018).
In Burt’s home, children learned about their solar technology from Burt and his
wife. Learning about solar technology occurred along with surrounding environmental
concerns as regular considerations.
My wife and I share those views and we are teaching us our sons to be aware of
these issues and be responsible with energy use as a daily routine. But I'm driving
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a car. We have electronics in the house, so it's not like we're living off the grid.
We are just trying to do what we can. (Burt, personal communication, August 27,
2018)
Kye’s wife learned about additional features of the solar technology through
concrete examples that he provided. He felt that her interest in the solar collectors
increased with his explanation.
If you have something covering your rooftop which reduces direct sunshine
during the summer time, you don't feel hot, or at least the temperature in the
house is maybe one or two degrees lower than without the panels. I think it's
exactly what I'm feeling with the solar panels. They avoid the direct sunshine to
the roof. So, simple physics. (Kye, personal communication, January 12, 2018)
Learning with Others Outside the Home
In every case, the learning experiences of the initiators involved situations outside
the home. Examination of the data revealed that learning occurred through interactions
related to the technology with family and friends, by helping others to understand the
technology and learning from them, and by developing knowledge from the solar
technology company as the source of the technology.
Dan commented, “Oh yeah. It comes up, and every opportunity I can, I throw in a
sales pitch on the idea [for] co-workers, friends and family” (Dan, personal
communication, November 29, 2017). Dan also found that the topic arose during various
interactions.
Once in a while my wife's friends or family ask about it. Then she tends to start
asking me the same questions, to get more information about it . . . [and] other
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people ask questions regarding the PV or solar thermal. Like my neighbour, not
too long ago, was asking if it could be used to heat floors, and it can. (Dan,
personal communication, November 29, 2017)
Similarly, Tom explained that “I've talked to a couple of co-workers about it, and
I know one ended up getting the panels installed. I'm not sure if it was specifically
because I talked to him about it, but it was after we had talked about it that he had
installed” (Tom, personal communication, December 1, 2017). Tom added that they did
not share a lot about their solar technology.
When we had it put in, there was a bit of discussion about it. The builder we used,
I know him, and he lives in the area, and we talked about it because he has panels
on his house. They actually have a solar farm so we talked about that. (Tom,
personal communication, December 1, 2017)
Kye noted in particular his interactions with others about the technology online,
and internationally as well as locally, explaining “when I share my experience with my
friends on social media, people feel it's a good project. You own your house, you own
your solar, you own your generation, and the government has incentives” (Kye, personal
communication, January 12, 2018). He further explained examples of his learning.
I learn from companies and websites, following news about solar generation. We
also learn by keeping our eyes on other cities. I went to Hawaii and found out
they have a similar microfit program. I think they already have excess. So many
people are installing them and they have year-round sunshine. . . .When I
travelled to California, I saw a solar power generation farm. I think what an
amazing thing that they have such a huge farm with thousands of panels. So
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powerful. Again, to know what can be done. You just need space… with almost no
pollution. The only thing to do is wait for the sun. (Kye, personal communication,
January 12, 2018)
During his interactions, along with learning from others, Kye also found himself teaching
others about the technology.
I began to introduce the solar technology to other people. Because the people
didn't have a [related] background, they asked me lots of questions. Everything I
learned in the past 30 years of my career is relevant to these solar panels. (Kye,
personal communication, January 12, 2018)
Similarly to Dan, who noted that “much of the information to find out there in
public is online, or through the retailers” (Dan, personal communication, November 29,
2017), Burt stated that his learning happened in different ways.
In both my own research and talking to people . . . with the Internet and . . .
reach[ing] out to a couple different solar companies too, to find out which
equipment they use and so on . . . I keep up on the news and especially related to
those areas. (Burt, personal communication, August 27, 2018)
Burt continued.
A few of our friends actually have an interest in it, and couple people have put
solar panels on their house after talking to us. Certainly, we talked to people about
it a lot. They are interested in why we did it and what it cost. . . . I am not an
expert in the science, and don't get into the tiny details. People have an idea how
it works in general anyway. I think with friends who went ahead and also got
solar panels, naturally we talked about what the neighbours thought, and whether
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or not projections were accurate, that sort of thing. The friends who put them in
are very much like us in that they do have concerns for doing something positive
for the planet. (Burt, personal communication, August 27, 2018)
In addition, Burt explained that co-workers shared his interests.
I talk to colleagues at work at length. I am a teacher. I'm one of the organizers of
our eco-team. . . . Actually a colleague of mine at work has solar panels too, so we
talked about that. People at work are interested in it, especially those individuals
who are involved in the eco-team. They are like-minded. (Burt, personal
communication, August 27, 2018)
Outside their home, Ella explained various aspects of the technology to other
people too.
Everybody's definitely interested, so they do ask questions. They ask questions
about the whole 20-year contract situation, what our plans are for when the
contract is up, how I cannot personally plug into the solar power that's coming
from my roof. But people mainly ask about money, if it was a good decision
financially. People don't really connect it to the environment as much as they do
to finances unfortunately. (Ella, personal communication, February 20, 2018)
Ella also described an occasion during which her daughter educated others about
the technology. Her daughter mentioned that she had solar panels on her roof. The
teacher found that very interesting, and she had to talk to the class about it. She did
educate the kids somewhat on the solar panels (Ella, personal communication, February
20, 2018).
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Frank gave some credit to a neighbour at his home outside the city for some of the
inspiration for installing his own technology. They talked before and after Frank’s
installation. “We compare notes. We also talk about this potential on the island to go off
grid, which is really exciting, but I don't know if it's going to happen. Things like that”
(Frank, personal communication, November 23, 2017). Frank also explained that he often
shared knowledge about the technology with others as well.
Oh yeah, with everybody. They see it on the roof, my family and my friends.
They ask “What's that? What are you doing?” The questions are usually about
money and how it is done. People are always asking what I’m doing with all of
this. (Frank, personal communication, November 23, 2017)
Frank further noted connections that he made with people.
You discover quickly all these other fellow travelers and so you join up in the
groups and things like that. There's a club that always meets at [the solar
company], the electric vehicle association. I've met some people there too. All
these people are sort of like true believers . . . and all the interesting people I've
met, I did not expect that. It's a whole culture of like-minded people. (Frank,
personal communication, November 23, 2017).
Related to learning with others outside the home, Sue also commented.
Quite a few new customers know each [other]. We have received new clients
from existing clients, and they like to exchange ideas. And then we have our
[electric car] association, and a few of those members have their own [solar]
systems. We always talk with each other, so there is a comparison there as well.
(Sue, personal communication, December 7, 2017)
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All of the participants gained learning experiences with the solar technology
company as a resource. For example, Tom noted in particular that the installers of the
solar technology helped him to learn about it (Tom, personal communication, December
1, 2017). Burt stated that “we learn from [the solar technology company] because they
are sticking with it, and hopefully continue to. We want renewable energy to be a reality.
We need bigger companies like that to invest in. The more, the better” (Burt, personal
communication, August 27, 2018).
Frank asserted that his interactions with the people at the solar company helped
him the most to understand the technology, with “the tours, having discussions, just to
help inform you as you're moving toward this decision because I didn't know anything.
And then, after that, I went and did my homework” (Frank, personal communication,
November 23, 2017). The company gave him some literature, but Frank found that “most
of that's online too, on their website” (Frank, personal communication, November 23,
2017). Frank noted about his own learning that, “active doing is always more important.
You’ve got to learn by looking at it . . . reading about it. The Internet has helped” (Frank,
personal communication, November 23, 2017).
Dan worked with the company after the system installation for a short time.
There's not much to it. They do the original set up when you first install it. They
program which format you're using, if you’re heating one thing, or two different
things, or three different things. Once they set that up, the only thing you have to
do is change the priority, temperature set point. (Dan, personal communication,
November 29, 2017)

90

For his learning, particularly when deciding what adjustments to make to his
system, Dan talked to people at the solar company and “their ideas are mainly to simplify
it” (Dan, personal communication, November 29, 2017). For the most part, in the last few
years, his learning has “been pretty much online resources and a few books I would come
across. Government information packages were a good option, but for the most part the
information was online” (Dan, personal communication, November 29, 2017).
People with the solar company also helped Kye to learn. “They told me about the
PV panels, and how these generate, and how these were connected. When they were
installed, I learned how it worked, so I also learned from them . . . and I've seen some of
their other installations” (Kye, personal communication, January 12, 2018).
After installation, Kye paid attention and discovered more.
Winter time is the lowest season for collection, because of snow and cloud. Three
months of winter generation make less than one month of April. I know this from
reading and comparison of bills. I make my own calculations and compare, and
also the projections the company gave me before I installed them. The projections
are from the sheets they provided. Moderate, high. I can compare now with the
actual ones, and it’s almost a match. I learned a lot from that. (Kye, personal
communication, January 12, 2018)
As well, he watched You Tube videos on the Internet, finding that “some guys said ‘Oh,
we have a [solar] battery. In about three to five years, the battery will be more powerful
and efficient.’ That’s why I am relying more on that technology. The Internet is also
learning” (Kye, personal communication, January 12, 2018).
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To help in her understanding, Ella found that the solar company people were very
educational.
They were fabulous to work with, for working with the government and all the
paperwork. They were definitely helpful [and so was] the steel roof company who
works with them. The owner of that company was very helpful because he also
creates a very green product. The steel roof is much cleaner than asphalt, so he's
on that wavelength. Working with the two companies together was an ideal
relationship. (Ella, personal communication, February 20, 2018)
For Ella’s family, “the kids were here when the whole process was taking place
and the solar panels were being installed. For them, it's second nature. They’re very used
to being surrounded by that kind of talk” (Ella, personal communication, February 20,
2018). Ella felt that the panels were more meaningful, and more real, because the
children “were part of the process. They went to [the solar technology company]. They
have solar powered toys there, and my kids got to play with the solar powered toys, so
they can learn a little more that way too” (Ella, personal communication, February 20,
2018).
Ella also clarified that people with the company “came after it was installed and
they brought us to the inverter and the control panel, and pointed out how to read it, and
all that kind of stuff” (Ella, personal communication, February 20, 2018). She knew that
if she visited the company website, she could see “how much they're taking in, and then
can compare it to the energy out. They have a comparison chart” (Ella, personal
communication, February 20, 2018). She had no concerns at all about the benefits of the
solar system. However, Ella explained that she could have learned more.
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I did not know much about how the whole inverters work, but when you see all
the paperwork and start doing all the financials behind it. . . . I did not know much
about the technology. Honestly, I don't know that we educated ourselves enough
in that area. I don't monitor what's going in and out of the house. I wish I had
gotten more involved with it from the beginning because now I feel like it's a bit
overwhelming. I wish I would have, so that I know if my technology is going
downhill because you have to replace the inverters after so many years. So I wish
that I would have gotten more involved. (Ella, personal communication, February
20, 2018)
Learning experiences occurred once the solar technology was operating in the
homes of the participants. Sue described the process after the installation of the
technology.
There is typically a hands-on review of the system at the home. It depends how
technically inclined someone is. They may want to walk through what to do in
case of an issue. Some people do not really listen. If something comes up, such as
a lightning strike or power outage, the system will shut down on its own because,
during repair, you cannot feed the electricity back into the line. Many safety
features are in place. Sometimes, it's just a matter of turning it back on, but
homeowners aren't all the same. Sometimes we get a phone call that a system is
not working, wondering what to do. Sometimes we can do it over the phone.
Sometimes we will do a courtesy call to see what's going on. It doesn’t happen
very often. We have not heard from some of our clients for years, so we know
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everything is running smoothly. (Sue, personal communication, December 7,
2017)
Observation of participants in their homes was another source of evidence in this
case study (Yin, 2009). During observations, participants’ explanations of the physical
components of the system typically reflected instances of learning with others that
occurred upon installation.
Frank explained some of the features of the system.
It does not move, so it does not break. The PVs here do not move, so they will not
break. That is the beauty of photovoltaic. The beauty of it is, when it's up and
going, you don't even have to think about it. It just brings about a monthly cheque
from the utility company. That's it. It's great. (Frank, personal communication,
November 23, 2017)
He provided photographs of the solar panels on his home outside the city, and he
clarified the maintenance of the system.
On the island, the solar thermal does have a little heat pump so I have to make
sure that that pump works, no more than once a month. They told me how to take
care of the pump. There is nothing to it. It's not that difficult [to learn]. I think if I
were to get into all the technical details, dive deep into the technology maybe, but
I don't need to worry about that. I'll let somebody else think about that. I could if I
wanted. (Frank, personal communication, November 23, 2017)
Ella demonstrated the system components on a wall inside her garage, connected
to the solar collectors on her roof. Observation at her home showed that they required
minimal adjustments, and they had no accompanying, hand-held device (Ella, personal
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communication, February 20, 2018). Similarly, Kye’s solar system required very little
attention.
I don’t have to do anything. No controls. No maintenance. Sometimes I just go
and check the meter. Every month, I receive a bill from [the utility company].
Sometimes I look at the invertor, just for curiosity about the graph and the peak
during the summer time I could see. One time, I suddenly saw a drop in the
reading, and I realised that there was a cloud overhead. It is a learning process. I
realised it is pretty sensitive. (Kye, personal communication, January 12, 2018)
Burt has an app on his phone and also a little device that is connected to the
panels and then runs the information out. They made certain the device was working.
If the power goes out, we may have to reset it. When we started first using it,
every day I was checking the monitor because it was kind of novel. Now I'm more
concerned about just maintaining [it]. If something were to break down I will call
[the company]. It's all pretty straightforward, once everything was hooked up. It
just runs, so it's really easy. The easier, the better. For people who are interested,
it's good for them to know, but they don't need to know anything. It just works.
(Burt, personal communication, August 27, 2018)
Dan’s extensive system is situated along a wall in his basement, and connected to
the four panels outside. He described the system to me in detail, demonstrated how to
adjust the valves, and showed on a small monitor how the system is set to prioritise
operations.
It is automated to certain degree, but you have to pick the priority for domestic
hot water or the pool. We didn’t expect having to pay attention to the weather for
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the pool and having to make a little switch, which is not a huge deal. It’s mostly
automated, but you still have to think a little bit. (Dan, personal communication,
November 29, 2017)
During observation at his home, Tom produced a handheld monitor, a small
device that sat on his kitchen counter, which used a wireless signal to the inverter below
his deck outside.
It shows current generation, and what it's been generating today. If I turn it, it
shows yesterday, and it can show monthly total generation, a lot of stats. The nice
thing is that I can plug this thing in to my computer, and I can save all the data as
a CSV file. I do that normally once a year, sometimes more often, and I have a
folder where I keep all my history of the data. I'm a geek, so I created a web page
for myself, so I can show some charts and stuff to show how much generation
there has been overtime. (Tom, personal communication, December 1, 2017)
Sue confirmed that “after the system is running, there is not really much involved
in terms of maintenance” (Sue, personal communication, December 7, 2017).
You don't even have to monitor your system all the time. Just look at your
consumption on a monthly basis. When you get your bill in, you get a statement
for your consumption as well. Over a couple years, you know what to expect. You
don't even have to pay that much attention anymore. (Sue, personal
communication, December 7, 2017)
The learning after the installation varies greatly. Sue described the diversity of
people who wish to know the technical details and who are comfortable not knowing, and
people with varying degrees of interest in between.
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In the beginning, a lot of people plan to monitor all the time, so they really look at
the outcome and compare. Then they get tired of it. Sometimes, customers have
not paid any attention, and then after a couple months, they call us to say that
something is not working properly. They haven't really checked. They just know,
months later, that there's nothing to harvest because one of the inverters shut
down or something. Some people are really motivated to make their lives more
sustainable. They have a long-term energy plan on hand and religiously follow
what is going on, so they actually look at the monitor and compare. Some clients
who have been here from the beginning, with systems that are eight or nine years
old, still come in once a month or every couple of months to share their data with
us, so they're following their performance. We have a good, solid customer base
that likes to keep in touch with us, so they like to share their data. It is really all
over the place. (Sue, personal communication, December 7, 2017)
Relevant to learning with others outside the home, the solar technology company
values education for the general public and its customers. This emphasis on education
appears in the company literature and media, as other sources of evidence (Yin, 2009).
The company website indicates how part of the building and physical presence is
dedicated to the awareness of renewable energy, with a walk-in, hands-on “learning and
education centre for the community” (GSR, Renewable Energy Centre section, para. 1).
In the website, viewers can learn about solar technology systems (GSR, Solar Energy
section, para. 1) and their applications (GSR, Solar PV Installations section, para 1).
Additionally, archival material, another source of evidence (Yin, 2009), was available
through the website, The information included television and print news stories with
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explanations of solar technology application, such as found with the link to the CBC
news article about the solar panel installation for the recreation complex in Kugluktuk,
Nunavut (GSR, News and Events section, para. 1).
From her perspective, related to learning with others outside the home, Sue
offered further insight into the opportunities with the company to learn about solar
technology.
We knew there was a need for a place to go to educate the general public. That’s
why we created the showroom. Solar was somewhat well known globally, but
here in Canada not so much. There was nothing really available around here,
especially in that area, that you could look at. The general public was curious
even before we started. There was quite a bit of interest. (Sue, personal
communication, December 7, 2017)
Sue explained learning experiences in the past.
We had workshops, and those were quite well attended. So there was interest, but
more interest to learn versus real interest to get involved in it. That took some
time. The workshops involved general information about solar, how solar systems
work, and the different technologies. When we started, we focused purely on solar
thermal water heating. Then we added solar photovoltaic into the equation
because later on, when the Green Energy Act came out, they came out with a
microfit program. So that's when we geared up for that. (Sue, personal
communication, December 7, 2017)
Sue offered further explanation.
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We don't do regular, general awareness seminars anymore. They were definitely
very helpful for learning about solar technology. It was very big in the beginning
because there was hype. Now, it is more of a presence. People see the solar
systems. [However] there's a lot of divided opinion in the general public because
solar gets a lot of the blame for the rise in electricity cost. Nobody talks about the
cost that is involved for a nuclear power plant to be updated, and most of them are
so out-dated that they should not even be running anymore. So there is a lot of
myth. Even with the microfit program, there was quite a lot of opposition. (Sue,
personal communication, December 7, 2017)
Sue shared the common approaches for educational experiences now.
We do a lot of presentations with different universities, to raise awareness. We are
regulars at the University of Windsor with young students and graduating classes.
The University of Waterloo had a challenge for students to come up with a
business idea to help 10,000 people environmentally. We go and try to be mentors
for people of all backgrounds. As another example, the mall has an annual event
for Earth Day. We've been involved in that for years and have a booth there. It's
all about public education. We have elementary school classes, as well as summer
camp visits. It's quite amazing how some of these young kids are quite
knowledgeable, and solar has been part of science fair projects for years. So the
awareness is there, but there's always more need to educate. (Sue, personal
communication, December 7, 2017)
The knowledge that people have of solar technology, and their awareness, has
increased in general over the years. Sue recalled that, several years ago, homeowners
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were definitely interested in the technology adoption, but they were hesitant as well. The
microfit program required changes on the roof of people’s homes. It was a big investment
for homeowners who want to be sure of the financial return. People were wary of product
quality and warrantees, and the program meant a long-term commitment which was not
typical of North Americans. Also, people were not very trusting of government programs,
although the government cannot ‘pull the plug’ on the 20-year contracts. (Sue, personal
communication, December 7, 2017)
Since then, Sue has found that awareness has increased, and people are now more
knowledgeable.
The interest definitely has changed today. Customers are more knowledgeable
about solar technology now. In general, people are a bit more educated when they
come to us. It's still something you have to invest time into, but they are definitely
more aware of it now for sure. (Sue, personal communication, December 7, 2017)
People with [the company] continue to educate other people on issues such as
what is required to live completely ‘off the grid’, and the new net metering system. With
the new system, people feed into the grid surplus electricity which they generate but do
not use themselves, and receive credits from the utility company.
You're not exposed to the rising electricity costs anymore because you're using
your own electricity, but it's still a fairly big investment. So there is still a lot of
education necessary and especially education when it comes to energy reduction
and savings and efficiency, and the change in lifestyle. (Sue, personal
communication, December 7, 2017)

100

For learning related to the solar technology adoption and the microfit program,
Sue explained the process prior to an installation of the technology in the home.
All clients are informed. The staff explain all of the steps, with a depth that
depends on a client’s level of interest in technical details. Clients may want to
cover many different issues, or remain purely financial and don't want to know
much. But we always go through the process, the different steps, and what to
expect, so they are informed. Some people want to know every detail before they
make the commitment, and that's where our showroom comes in handy. We have
the systems operating, and we monitor the performance, so we can share actual
data. (Sue, personal communication, December 7, 2017)
When a client contemplates whether or not to adopt the technology, Sue offered
further explanation of learning with others.
We connect people if someone requests a reference. We have reference list of
clients who are willing to be contacted to share their experiences. The clients who
are willing to share their experiences are always the best-selling feature, and it is
creating the most trust as well. (Sue, personal communication, December 7, 2017)
Sue explained the company’s approach when they finish a system for a client.
The customer gets a final folder with all the paperwork that was required, all the
manuals, and all the warranties. It is basically a booklet where you can look
everything up. Some people are very busy, so they may only make it to our office
once. Usually we try to go out for a site visit. We try to have them come in
because it is easier to explain the technical details with demonstration. Sometime
we do visits as well. [One person] is out all the time, sitting down with clients.
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Then there is email contact, phone calls, and always questions. (Sue, personal
communication, December 7, 2017)
Examination of the data showed that the learning that people experienced was an
important component of the interactions between the company and its current clientele,
including the participants and potential clientele too. The importance of the learning was
evident through the many opportunities that were available for people throughout the
adoption process, including before and after the adoption.
Current Technology Inspires Learning for the Future
Regardless of the learning about their current system after the installation, the
participants continued to learn about more about issues related to their technology,
beyond adopting their current solar technology system, with applications for the future.
This theme involved participants’ learning about future, solar-related technology use that
was prompted by participants’ current solar technology use.
Frank explained how developing his knowledge about solar panels and
sustainability had become part of his lifestyle, which he planned to continue.
We bought a car, an electric plug-in hybrid, a Chevy Volt, so I plug that in. After
that, we bought the photovoltaic system on a roof here in the city. . . . The next
exploration would be to go on [the other] house. . . . I've always been trying to get
one on the island, but I can't do it for various technical reasons. You can't sell into
the grid there. So someday, I will go off grid entirely. (Frank, personal
communication, November 23, 2017).
Ella also expressed an interest in a future that involved solar technology and more
sustainability.
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When the contract is up with the government, hopefully we'll be able to just plug
in and our solar panels will be strong enough, and we will have enough to live off
ourselves, and live off the grid. (Ella, personal communication, February 20,
2018)
Tom also specifically envisioned continued and expanded use of solar technology
in the future.
I am interested in using solar for more. I have a shed, and I have a tiny solar panel
on the shed that I used to recharge batteries that I use for my lawn mower. I would
like to be able to put bigger solar panels on the shed, so I can charge more of my
outdoor equipment and stuff out there, but I haven't spent the money on it yet. . . .
I can't imagine ever not having solar panels in the future. . . . If they run out of
useful life, I assume that I would replace them. Maybe it will be with solar
shingles or a new, related technology. (Tom, personal communication, December
1, 2017)
Learning about solar shingles also inspired Burt’s ideas for future use of
technology in his life.
Solar shingles to me are very interesting. Any new house should have solar
shingles put on them as far as I'm concerned. But we will run out the 20-year
course with these panels and see what happens after that. As far as new
knowledge about technology, it's an interest and a side hobby of mine. (Burt,
personal communication, August 27, 2018)
With his research, Dan expected to further develop his system.
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Hopefully it's only a start and we can keep on expanding on it. We can either add
photovoltaic in addition to the solar collectors, or even add another panel to get
more heat out. I'm still thinking of research and development. I'm debating
possibly connecting to the solar system, so sort of hybrid solar and geo-thermal.
There is some opportunity to get heat at a lower temperature stored in the geothermal system, or use it directly to improve its efficiency. It's a new idea . . . it’s
not very common. (Dan, personal communication, November 29, 2017)
Dan further explained, reflecting in his comments that his learning also continued.
I am always in contact with [the company co-owner] just to share different ideas
or extra ways to utilize the system, and they have great ideas as well . . . making
sure we're using the heat and all different weather conditions, and I have looked
online for ideas with that hybrid geo-thermal solar system, and there are people
doing similar things as well. (Dan, personal communication, November 29, 2017)
Kye’s thinking about future applications for solar technology evolved from his
thoughts about making power generation more effective.
I began to think, “Okay, how will the solar stuff become more efficient?” They
need new material to change that, or any better batteries that can store the
electricity if you have excess generation. These are things that I learned. (Kye,
personal communication, January 12, 2018)
Sue noted as well, that client learning continued after the adoption of the solar
technology.
Most of the people are technology-savvy, so they are always on the hunt for what
new stuff is coming. That's always one of the biggest concerns as well. Potential
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clients come in. They think of technology, taking forever to make a decision to
buy a computer, and it's outdated tomorrow because there's always a new product
coming. It's different with solar. There's a lot of research going on, but it is not
happening on such a large, fast scale. There's all kinds of information online, and
it creates a lot of myth as well about things that are not regularly available yet. An
invention that is much more efficient may be 10 years from production-ready. It is
still far away. It helps that people do their own research, but it can be harmful as
well. (Sue, personal communication, December 7, 2017)
Anticipating future use was also relevant as Sue considered what factors
contribute to people’s successful ongoing use of the technology.
The first step is to be aware how much can be accomplished with your solar
system. What do I really use in terms of electricity? Once you are aware, usually
people look into more means of saving. What else can I do to reduce my
consumption? Should I look into replacing all of my appliances with highefficiency appliances? One step leads to more, to reduce your carbon footprint . . .
[they] probably already exchanged all their light bulbs to LED lights. Some of
them are already driving electric vehicles. People are already planning ahead,
thinking: Will that solar system down the road accomplish what I need to do? So,
it is a thinking process. (Sue, personal communication, December 7, 2017)
From Sue’s perspective, ongoing use of technology required particular learning.
It's continuous learning. When we started out, the electric vehicle association was
really pioneering, and it is constant learning every time we get together . . . ask
actual drivers about their experience. It is the same with the solar systems. Go and
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look at the actual experience. Talk to people who already have a system. That is
the best selling feature. (Sue, personal communication, December 7, 2017)
Examination of the data set indicted that, in many ways, ideas for future application of
technology were inspired by the participant’s current use.
Lack of Learning Post Installation
This theme is based on data showing that learning about the solar technology after
installation was not as prevalent for participants as expected. Participants were asked
specifically about the learning of their technology after it had been installed. Half of the
homeowners felt that learning occurred after installation. One participant felt that he had
learned more in many ways, and about the technology itself. Before the installation took
place he had more of an overview, and since the installation he had more technical
knowledge, and was “not so technically illiterate” (Frank, personal communication,
November 23, 2017). Another participant found that he learned “just since using it that
it's actually as good if not better than actually expected . . . you'd be surprised how fast it
heats once the sun hits those solar collectors” (Dan personal communication, November
29, 2017).
However, three of the six homeowners noted that they had not learned very much
about the technology after the system was running in their homes, as learning about the
system occurred mainly before they decided to have the technology installed. Tom shared
his experience since installation.
It is pretty much what was expected. . . . Maybe [we] are more aware, to see how
much we generate versus how much we actually consume. . . . To be honest, it
doesn't come up very often . . . it just sort of works itself. There's not much to pay
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attention to unless you really wanted to. (Tom, personal communication,
December 1, 2017)
Ella explained her experience following the installation.
They came after it was installed and brought us to the inverter and the control
panel and pointed out how to read it and all that. . . . I don't think I've learned
much more. I can do the business end of things, but I left [the technical aspects]
up to the professionals and kind of trusted the process. (Ella, personal
communication, February 20, 2018)
Kye noted that, after his installation, he learned “not very much . . . everything we
generate goes into the power grid so we don't directly use the solar that we generate”
(Kye, personal communication, January 12, 2018). The comment suggests that more
learning may have been required if the situation was different and homeowners were
more directly involved. Even Sue commented that the learning after installation varied
greatly, and for some people was not very much (Sue, personal communication,
December 7, 2017).
Sue also noted that after the system was running, there is not really much
involved in terms of maintenance (Sue, personal communication, December 7, 2017).
However, the learning after the installation really varies. Sue explained that there is a
diversity in people who want to know the technical details and people who are
comfortable not knowing, with people in between (Sue, personal communication,
December 7, 2017).
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Summary
Provided in this chapter are the results that were obtained from the data collection
from multiple sources of evidence including participant interviews, observations, source
literature, and archival material (Yin, 2009). The findings are presented in themes derived
through a cross-case analysis. In the theme of Impetus for Technology Adoption: The
Financial Piece, the evidence showed that finances prompted participants to adopt their
solar technology. In the theme of Impetus for Technology Adoption: Doing Our Part to
Help the Planet, participants’ responses revealed that pro-environmental interests also
inspired the technology adoption. In The Passionate Initiators theme, data indicated that
the solar technology adoption began with a family member who initiated the project,
sought learning experiences about the technology, and had a passion for involving it in
their lives. In the theme of Passion as Connection, the participants connected with the
technology through a commitment existing in their background prior to the technology
adoption. The theme of Learning with Others Inside the Home highlighted learning about
the solar technology among family members. The data for Learning with Others Outside
the Home showed the initiators’ learning experiences involving interaction with people
such as friends, co-workers, and company staff. The theme of Current Technology
Inspires Learning for the Future emphasised the participants’ additional learning for
future applications related to their solar technology. The theme of Lack of Learning Post
Installation revealed missing data, as participants described considerably less learning
after installation than expected. The many quotations from the sources and the
observations are evidence of the findings. The collected data answered the research
question in several, layered ways, as detailed in chapter 6.
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CHAPTER 6
DISCUSSION, LIMITATIONS, IMPLICATIONS, CONCLUSION
Several findings emerged toward answering the research question: What learning
occurs within a group which sustains the use of an appropriate technology? The findings
emerged through this case study organised with cross-case data analysis as a general
analytic strategy (Yin, 2009). The participants’ realities are socially constructed and
knowledge is created by these findings (Lincoln & Guba, 1994). Themes of the findings
include: Impetus for Adoption: The Financial Piece and Doing Our Part to Help the
Planet; The Passionate Initiators; Passion as Connection; Learning with Others Inside the
Home; Learning with Others Outside the Home, Current Technology Inspires Learning
for the Future, and; Lack of Learning Post Installation. In this chapter, I interpret the
findings of this research in the context of the perspectives of social constructivism
(Vygotsky, 1978), social construction of technology (Pinch, Hughes, & Bijker, 1987),
social cognitive theory (Bandura, 1986) and the technology acceptance model (Davis,
1986). Synthesis of the findings with previous research is included, along with discussion
of missing data (Dey, 1993). I revisit the new terminology presented in the first chapter,
consider limitations and implications of this study, and provide a conclusion.
Impetus for Adoption: The Financial Piece and Doing Our Part to Help the Planet
Economics and helping the environment were the two key ideas that all of the
homeowners expressed as reasons they chose to install solar technology in their homes.
For participants, economics and helping the environment motivated new learning
experiences using solar technology.
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Motivation is commonly addressed as an important aspect required for successful
learning (Ryan & Deci, 2000), whether it is intrinsic motivation, as “doing something
because it is inherently interesting or enjoyable” (p. 55), or extrinsic motivation, as
“doing something because it leads to a separate outcome” (p. 55). Both types of
motivation prompt various experiences and performance. Economics and proenvironmental concerns both functioned as intrinsic and extrinsic motivation, providing
enjoyment for participants, yet also lead to separate benefits. Zimmerman (1995) asserted
that motivation was a component involved in self-regulation, along with self-efficacy,
personal agency, and behavioural processes, as part of a complex combination that
influenced learning. Pajares (2003) found that learners’ efficacy positively influenced
their motivation and outcomes.
Although motivation is not a core construct of social cognitive theory (Bandura,
1986), aspects of motivation are included in the theory. For Bandura, motivation is
related to self-efficacy as important to learning, and is also involved in effective
modelling. According to social cognitive theory, money is a token incentive motivator.
As a token incentive motivator, money related to the participants’ interest in the financial
benefits of their solar technology adoption. Fata (2012) studied organic farmers as
owners of solar technology in California, and found for these “highly involved
environmental players” (p. 3) that financial concerns were still the greatest motivation for
adopting solar photovoltaic technology.
Aspects that involve environmental concerns may be considered to be Bandura’s
(1986) primary incentive motivator, as one that “caters to organic needs” (p. 233). The
environmental concerns that participants felt in connection to adopting their solar
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technology were also important motivation. Both token and primary incentive motivators
are considered biological motivators.
Environmental considerations are further found within a second category of
cognitive motivator, involving internal standards, self-evaluation reactions, and selfmotivation capability (Bandura, 1986). In many of the comments of the participants, it
was evident that the homeowners valued the use of the solar technology as an
ecologically-sound practice. Similarly, in a study related to sustainability, Circella et. al.
(2016) found that environmental concerns were among the motivators for technology
adoption by young American adults. By continuing to use the solar technology, the
participants of the present study derived a degree of self-satisfaction in contributing to the
well-being of the planet.
Motivation, along with self-efficacy, is a key aspect of the technology acceptance
model (Davis, 1986). Indeed, the technology acceptance model is intended to explain the
motivation involved in the process of technology acceptance. Both the financial
incentives and the environmental benefits of adopting the solar technology resonate with
the model. Not only are the two elements motivators themselves, but according to the
model, they also are considered aspects of perceived usefulness. In deciding whether or
not to adopt the technology, the participants deemed both the financial aspect and the
environmental aspect of the technology as useful.
The Passionate Initiators
In every case, adoption of the solar technology began with a family member who
initiated the project, sought learning experiences about the technology adoption, and had
a passion for involving the technology in their lives, as shown in chapter 5. These
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attributes are in accordance with the findings of Aklin, Bayer, Harish, and Urpelainen
(2018). These authors demonstrated that when potential adopters of solar technology had
a good understanding of the technology as well as an entrepreneurial spirit, then
informational barriers were reduced, the benefits of the technology were evident, and
household technology adoption was likely. Further, Lemay, Tenzin, and Bazelais (2017)
found that passion was significant for technology acceptance. These three main
characteristics of the participants in the current study were the basis for several attributes
that are significant for successful learning, and lead toward answering the research
question.
Self-regulation
The participants—the passionate initiators—were found to be particularly selfregulating. Essential for favourable outcomes, self-regulation enables people to control
and adjust their efforts for successful learning (Paris & Paris, 2001) and generally
manage themselves in making choices in life. Self-regulation is highlighted in social
cognitive theory (Bandura, 1986) as important to learning. Bandura’s “self-influences” (p.
344) to perceive, evaluate, and regulate one’s behaviour, link implicitly to self-reflection
and self-regulation as cognitive processes that are required for successful learning. Selfregulation is among the “self-directive capabilities” (p.335) that enable control over one’s
thoughts, intentions, feelings, and behaviours.
Involved in the successful adoption and continued use of an appropriate
technology, self-regulation was identifiable as a behaviour of the participants as they
elected to pursue the technology adoption, initiated the adoption of the technology for
their families, and sought self-guided learning experiences related to the technology. The
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initiators governed themselves, monitored their own learning, and controlled their own
environment. The self-regulated adoption and use of an appropriate technology reflected
the choice for a sustainable alternative in the participants’ lives, and the choice to interact
with personal surroundings in a constructive way. This self-regulation was evident in
participants’ many comments that were presented in the previous chapter, as well as in
other comments. For example, Tom’s self-governance was apparent in his explanation.
To do taxes, a certain amount of depreciation gets written off . . . the first year, I
found it very difficult to figure out and had to make myself a lot of notes, so I
would remember each year what I was supposed to do. So that was probably the
trickiest part (Tom, personal communication, December 1, 2017)
Another show of self-regulation was apparent in Frank’s sharing that “before you put the
panels up, and you did something because you felt good about it. Now it doesn't matter
whether you feel good or bad. This pays because the technology has changed so much”
(Frank, personal communication, November 23, 2017).
In choosing not to learn more details about her solar technology, Ella also
demonstrated a form of self-regulation. Further, she expressed regret in not knowing
more. In this way, she also demonstrated self-reflecting abilities as well as self-regulation
capacity (Bandura, 1986).
Self-regulation was a key aspect of the participants’ characters. In their many
comments, these dedicated initiators frequently demonstrated initiative, commitment,
self-directed learning to gain information from other sources, management of their own
lives, and thoughtful decision making for opportunities to improve their lives in ecofriendly ways. Their beliefs and behaviours related to adopting the technology were not
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forced upon them by others, nor were they required. Self-regulation appears to have
contributed to the participants’ technology adoption, as self-regulation is critical for
successful learning (Jarvela & Jarvenoja, 2011; Zimmerman, 2008). Ma and Lee (2019)
found that, among user factors, self-regulation was the most significant predictor of use
of online learning technologies. Participants of the present study governed themselves in
making their choices to adopt solar technology through self-regulated approaches.
Self-Efficacy
Among their common characteristics, the passionate initiators appeared to
demonstrate a strong sense of self-efficacy. As an essential part of social cognitive
theory, self-efficacy is required for successful learning experiences. Bandura (1982)
asserted that perceived self-efficacy was “concerned with judgments of how well one can
execute courses of action required to deal with prospective situations” (p. 122). Further,
he held that the stronger people’s sense of efficacy, the more inclined they are to continue
their efforts until they succeed.
A strong sense of self-efficacy was required of the committed homeowners to
begin the process of adopting the solar technology for their homes, as they approached a
new endeavour that would affect all of their family members. Seeking learning
experiences about the technology adoption required a strong degree of self-efficacy, as
the participants had to investigate many aspects in an unfamiliar arena, and make sound
decisions for their families that required considerable commitment. Kulviwat, Bruner,
and Neelankavil (2014) documented that self-efficacy had a critical role in technology
adoption, showing that along with belief in a product, adoption required that people had
“confidence in their own abilities to understand and effectively use a new piece of
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technology” (p. 190). In studying how people move from initial adoption to continued
use, Wang, et. al. (2013) found that, as learning occurred, self-efficacy was the first
requirement for people to interact with, and adapt to, a self-service technology. Selfefficacy was also an element of the passion that the initiators had for including the solar
technology in their lives. Just as Kye noted that he did not give a second thought to
choosing the technology (Kye, personal communication, January 12, 2018), the
confidence of participants in pursuing their convictions was evident in their comments.
A strong sense of self-efficacy was required for the homeowners to pursue the
adoption of the technology when few people they knew had chosen to adopt the
technology before the participants adopted it. As some of the first users of solar
technology in their neighbourhoods, the participants were considered to be early adopters
(Rogers, 1962). Bandura (1995) affirmed that “it requires a strong sense of efficacy to
remain task oriented in the face of pressing situational demands” (p. 6). As early
adopters, the passionate initiators were role models themselves. For example, Frank noted
that he was the first on his street to have solar technology, although now several residents
on the block have a system too (Frank, personal communication, November 23, 2017).
As well, Burt explained that he influenced other people to adopt the technology (Burt,
personal communication, August 27, 2018).
Consequently, self-efficacy is also a key element of the technology acceptance
model (Davis, 1986). Davis asserted that self-efficacy significantly affects perceived ease
of use. With greater self-efficacy, the easier a person finds a system to use, and when a
system is easy to use, a person can have more self-efficacy (Davis, 1989). Additionally,
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self-efficacy is an important factor in motivation, as another key element of the
technology acceptance model.
Self-efficacy contributed to successful learning as people interacted with, and
created meaning for, the technology for their lives. Further, greater self-efficacy leads to
greater success (Bandura, 1986). The continued use of the technology reflects people’s
meaning for, and success with, the technology in their lives. People also “display
enduring interest in activities at which they feel self-efficacious and from which they
derive self-satisfaction” (Bandura, 1986, p. 242), and both of these aspects rely on
personal standards.
These initiators were confident, independent thinkers. As self-efficacy beliefs are
important in influencing human agency (Pajares, 2003), the participants’ self-assurances
also facilitated their choice to adopt solar technology. Indeed, in their study in rural India,
Aklin, Bayer, Harish, and Urpelainen (2018) found that the “household head’s
entrepreneurial attitude” (p. 35) was a key factor in predicting solar technology adoption.
Interconnectedness
As passionate initiators, each of the participants possessed a particular sense of
responsibility for their actions as part of their self-regulation. All of the participants were
aware that choices in lifestyles had consequences. The participants’ accountability
promoted a thoughtfulness in making decisions and following practices that had longreaching effects. The participants did think long-term, as reflected in many of their
comments. For example, Frank noted that “before you put the panels up, and you did
something because you felt good about it. Now it doesn't matter whether you feel good or
bad. This pays because the technology has changed so much” (Frank, personal
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communication, November 23, 2017). Sue’s observation that many North Americans
tended not to think long term (Sue, personal communication, December 7, 2017) was,
indirectly, a testament to solar technology clients like the participants who actually do
think long term. The participants’ choice to adopt the solar technology had long-term
financial benefits. The choice for solar technology adoption also had long-term
environmental benefits. In a connected study, Sangrova and Nayak (2017) showed that
financial aspects as well as emotional and social factors prompted people to adopt green
energy, and recommended that policy makers create programming and messages that
“appeal to people’s sense of responsibility to voluntarily adopt green energy” (p 393).
Savinar (1981) found that residential solar technology adopters had a greater future time
perspective than non-adopters. In the current study, the participants’ sense of
accountability allowed them to consider repercussions well into the future.
These considerations related to the participants’ ability to think holistically.
Indeed, to be environmentally conscious involves the recognition that the impact of
human behaviour extends beyond the immediate situation. This progressive thought, this
forward action, involves not only recognition but also response, a call to attend to a
greater whole.
This type of thinking also allowed the participants to be cognizant of the
interaction of a variety of elements. The participants’ sense of responsibility and
consequences stemmed, at least in part, from an understanding of the relationships among
different aspects of their lives. Their nuanced understanding recognizes elements do not
function in isolation from one another, but instead influence each other.
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Also evident in many of the participants’ comments was the understanding that
participants had about the choice that existed in their lives. We have the ability to make
choices in our lives. Choosing to adopt solar technology and continuing to use the
technology were among the options in the participants’ lives. The choice to pursue solar
technology adoption and then longer-term use satisfied outcomes that met the
participants’ personal standards (Bandura, 1986), although the choices are not routine for
many people in North America. The participants exemplify Bandura’s (2006) assertion
that humans indeed do have considerable control over their own actions and their
environment, and can interact with their environment and make modifications to it. The
participants’ choice in lifestyles especially reflect Bandura’s (1986) human agency, as a
person’s own influence on the environment, with intentionality as a person’s active
decision to engage in certain activities.
The sense of responsibility and consequences, the understanding of being part of a
greater whole and the interaction among elements, and the recognition of choice merge in
a distinct sense of interconnectedness that the participants emitted in the ways in which
they conducted their lives. For example, the interest participants had in both the
economics and the environment related to their technology adoption and ongoing use was
an indication of the sense of connectedness that the participants felt for their thoughts,
actions, and surrounding environment. Another example is that many of the participants
drove electric cars, as another sustainable practice.
In their comments, the participants expressed thinking in terms of
interrelatedness, among their beliefs, behaviour, and environment. The participants’ sense
of connectedness and accountability may be contributing factors in using their solar
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technology longer term. Amel, Manning and Scott (2009) found a significant positive
correlation between mindfulness and sustainable behaviour, and that a feeling of
connectedness to surroundings is needed for sustaining actions. Related to connectedness,
Sheng-Tsung and Hsueh-Liang (2010) found that a sense of belonging in a communitybased organization influenced a person’s attitude toward technology use, which
influences a person’s acceptance of a technology.
This interconnectedness is directly reflected in social construction of technology
(Pinch, Hughes, & Bijker, 1987) as a perspective guiding this study. The authors
described the development of society and technology as an interconnected “seamless
web” (p.3). The social shaping of technology occurs through a dynamic interchange of
factors, and not as isolated components. Society shapes technology, and through the
interaction, technology also shapes society. The continual development is an ongoing
synthesis. It was clear from their comments that the participants made the technology fit
their needs, as evident, for example, in Dan changing the setting of his system to suit his
family’s changing needs (Dan, personal communication, November 29, 2017). The
participants also regularly made the technology their own, as demonstrated, for example,
with Tom’s creation of a website through which he interacted with the statistics that he
gained from monitoring his system (Tom, personal communication, December 1, 2017),
Dan’s continual adjusting of his very customised system (Dan, personal communication,
November 29, 2017), and Ella’s installation to fit around her skylights (Ella, personal
communication, February 20, 2018). The installation of each of the participants’ systems
was, in effect, specific to each situation.
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Interrelationships are also inherent in a central construct for learning and
development in social cognitive theory (Bandura, 1986), as reciprocal causation involves
the triadic interaction of personal, behavioural, and environmental influences. All of the
components involved in the interactions are determinants and relevant to the greater
whole. Many aspects combined for the participants, in their living and in their learning,
as their responses illuminated. The participants commonly commented on the interwoven
aspects of their lives, and the connections that they made as a regular part of their living.
The participants’ recognition of, and respect for, the interconnectedness of
elements informed their desire to involve the solar technology in their lives. Deciding to
pursue the solar technology adoption, engaging in the learning for the endeavour, and
sustaining the technology use longer term, the participants reflected the understanding
that “it is we who are responsible for the world we are experiencing” (von Glasersfeld,
1990, p. 28). The participants’ conscious commitment to pro-environmental lifestyles
reflected interconnectedness of many aspects of life.
Passion as Connection
Some of the most compelling aspects to emerge in the findings highlighted the
concepts of learning as making connections and making meaning (Zittoun & Brinkmann,
2012). This research diverged here from extracting evidence directly from the
participants’ comments to what Anderson (2010) advise as a mark of good research,
recognising data not directly offered in responses but in other ways in which the
participants talked about the subject.
The presence of a powerful point for this research into learning filtered through
the participants’ spoken insights. The participants’ relationship with the technology
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originated with a process that began in advance of their technology adoption. A
connection had already been made by the time their technology was installed. The
connection eventually led them to adopt the technology.
The connection was made given the backgrounds of the participants. The
participants were interested in involving the solar technology in their lives. In particular,
the connection made was with a passion that was involved in their backgrounds. By
involving the technology in their lives, the participants were connecting to what they
previously knew, to what they previously learned. Vygotsky (1978) held that learners
encounter learning situations with prior knowledge and experience that affects how they
deal with new information. As Bandura (1986) posited, this prior knowledge based on a
person’s past experiences is significant for learning.
The background knowledge was different for everyone, as every participant had a
different background. The environmental soundness of solar technology resonated with
Tom’s interest that began in childhood with solar-powered calculators and continued with
his interest in sustainable resources that increased since the 1990s. With his work in the
field of technology, he had an affinity for the solar technology for his home. Along with
appreciating the pro-environmental benefits and the efficiency of the system, Dan
connected directly with the mechanical aspects of his solar system, given his background
as a power engine station manager. Frank, who was previously an Economics professor,
connected firmly with the financial aspects of the technology, and then more fully
developed an interest in the environmental aspects. With his background with power
generation plants, semiconductors, and clean energy, Kye readily connected with the
functionality, efficiency, and sustainability of the solar technology. Burt connected with
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the technology given his deep interest in sustainable practices. Ella connected with the
solar technology given her long-time passion for pro-environmental concerns.
While the participants’ background knowledge differed, making the connections
was the same. Making the connections was a critical part of the participants’ learning.
The participants’ learning about the solar technology involved a process of integrating
existing information that is already in memory, with new information, from the
environment, to create new knowledge (Willingham, 2009), the process which, from a
cognitive science perspective, is what learning is all about. As Ausubel (1961) asserted,
learning involves making connections of prior knowledge with new information for
meaning.
The learning began before the participants’ engagement with the technology
involved in this study. The learning occurred partly with the participants’ research about
the technology before they decided to adopt it. Predominantly, the learning occurred
through the connections that participants made with their background knowledge, which
existed before they decided to adopt the technology. This foundational learning, the
learning that came before the participants involved the solar technology in their lives—
the learning that came before the adoption—contributed significantly to their basis for
later engagement and success with the technology. The use of the technology then built
upon and continued the meaning of it for the participants.
Not all the data fit neatly within social constructivism and the emphasis on social
interaction as a basis for learning. For learning, connecting prior knowledge with new
information is commonly seen as an individual process (Willingham, 2009). The
participants also initiated the technology adoption for their families, sought learning
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experiences about the project, and had a passion for involving the technology in their
lives. These aspects can be viewed as predominantly individualistic, independent of other
people. The self-regulation and self-efficacy involved in participants’ efforts are selfbased attributes. I include them as important findings because they contribute to
answering the research question of the learning that occurs. At the same time, these
aspects are also accompanied by social interactions that are highlighted in this research.
For example, the knowledge that participants sought about the technology prior to
adoption lead them to read on their own as well as talk to others.
Learning with Others Inside the Home
Learning that contributed to sustaining the use of the technology also occurred
inside the participants’ homes, among family members, as the comments for the
participants showed. The learning experiences in the home reflected the social learning
espoused by Vygotsky (1978) and Bandura (1986). Knowledge about the solar
technology developed as family members shared what they knew with others in the home
overtly. Participants’ family members also witnessed behaviours covertly during system
maintenance, monitoring device use, and in discussion related to the technology. Through
these instances knowledge was shared and developed in informal ways. Learning also
occurred through observational learning and modelling (Bandura, 1986).
Frank explained that he commonly shared what he learned about the technology
with his wife, and at times also shared information with his adult children. Frank’s family
members regularly observed his involvement with the technology (Frank, personal
communication, November 23, 2017). Kye explained that he taught his wife about the
technology (Kye, personal communication, January 12, 2018), using different examples
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on various occasions to help make connections and impart meaning. Like Kye who had a
strong technical background, Dan taught his wife about the technology, and both he and
his wife helped their children to understand more about the technology in their lives. Dan
anticipated that his children would understand more about the technology as they grew
older (Dan, personal communication, November 29, 2017). While Tom’s work was
technology related, he and his wife also shared in the learning and involvement with the
technology, gradually developing their young children’s understanding of the technology
together as well (Tom, personal communication, December 1, 2017).
Ella and her husband shared the responsibility of the technology adoption, and
their learning appeared to be a joint effort. Ella chose not to learn the technical detail of
the solar technology. She handled more of the administrative and financial aspects while
her husband was more involved in the technical aspects. They also shared information
and developed their knowledge together. Further, they educated their children about their
family’s solar technology, as part of the many pro-environmental practices that they
included in their lifestyle. Ella expressed pride in her children’s awareness, and different
instances when they educated their peers, including her daughter’s chance to speak about
their solar technology with her elementary school class (Ella, personal communication,
February 20, 2018). Ella also commented on the possibility of her daughter becoming the
more knowledgeable person and teaching her instead.
Burt and his wife were also teaching their children by example. Their lifestyle
included a variety of environmentally-responsible practices as well. Role modelling and
technology adoption co-existed for Burt. He expressly stated that it felt good to role
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model environmentally-sound practices for his children, including the adoption and use
of the solar technology (Burt, personal communication, August 27, 2018).
Further situating this study within the literature, this finding reflects the study of
technology learning in the home by Plowman et. al. (2010), in which the authors found
that “learning is shaped by family practices and parental values and attitudes” (p. 30). In a
related study, Hall and Schaverien (2001) documented that learning with technology
happened within the home in many ways, promoting children’s intellectual searches, and
that science and technology education may be more effective if it better aligned with “the
ways that people learn together” (p. 454), in the effective, informal learning that takes
places at home.
Learning with Others Outside the Home
Learning that contributed to sustaining the use of the technology also occurred
outside the participants’ homes, as the participants interacted with other people. The
participants explained that they acquired their knowledge about the solar technology for
their homes prior to choosing to have it installed in their homes. These early learning
experiences about the technology often involved interaction with other people, reflecting
the social learning of both Vygotsky (1978) and Bandura (1986). The participants
commonly learned through company staff during hands-on learning and demonstrations
at the main office. At times, during the installation of their systems, they also learned
through interaction with the installers of the technology at the homes. Sue affirmed that
education for clients was standard practice for the company, with numerous
opportunities, both at the office and in clients’ homes (Sue, personal communication,
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December 7, 2017). The participants also shared various instances of learning through
exchanges with other owners at the office and in their daily lives.
These learning experiences naturally involved observational learning and
modelling, key constructs of Bandura’s (1986) social cognitive theory. During the
learning that occurred in these interactions, the participants regularly learned through
observation of the demonstrations that other people provided. Learning often occurred
through modelling of aspects such as how to operate the device to monitor the function of
the technology in the home, and how to ensure system pumps were working during
homeowners’ maintenance checks.
The ability to learn by observing the behaviour of others was significant for the
learning that is needed to sustain the use of an appropriate technology. The participants
who, at one time had less knowledge of the solar technology than the company staff and
other people, often learned more about it through observational learning. Observational
learning enables learners to cognitively code information about using a technology to
guide future action. Bandura’s (1986) view of vicarious learning, enabling people to learn
not through direct experience but through understanding the actions and the
consequences of others’ behaviour, was often evident in the comments for the learning
that was examined in the present study.
Observational learning intimately links to the informal setting of this research.
Learning out of school typically involves more personal, collaborative situations,
complex sensory input with learning through modelling in context (Scribner & Cole,
1973), social learning through apprenticeships (Rogoff & Lave, 1984), and cognitive
efforts that are connected to tasks in specific situations (Lave, 1988).
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Vygotsky’s (1978) notion of a more knowledgeable other, as a critical aspect of
learning, was relevant in these learning situations. The participants developed their
knowledge of the solar technology with the assistance of another person who initially
understood more about the technology than the participants knew. The more
knowledgeable person, typically a staff member with the company, helped the
participants to exceed their existing knowledge, until the participants acquired more
competence (Vygotsky, 1978), after which the staff was able to provide less guidance.
The social learning experiences that took place as the participants learned with
others included examples of the homeowners becoming the teachers—the more
knowledgeable others—themselves. The participants shared occasions during which, as
their own knowledge developed, they were able to instruct others about solar technology
as well. Outside the home, the participants commonly found themselves explaining the
technology to extended family members, friends, neighbours, and co-workers. The
participants could also share their direct experiences with other solar technology owners.
As well, the participants explained their technology, with opportunities to model and for
observational learning, to me as the researcher for this study. These types of interactions
created further situations involving learning with others outside the home, as part of the
learning that occurred to sustain the technology.
Social influences were of central importance for both Vygotsky (1978) and
Bandura (1986), as both theorists held that development and learning came through social
interactions. Vygotsky viewed learning and development as social processes aided by
others, with learning occurring before development (Tudge & Winterhoff, 1993). For
him, “the importance of collaborative, problem based learning is reinforced by the view
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that knowledge is essentially a socially constructed and negotiated product” (HyslopMargison & Strobel, 2007, p. 74). For Bandura, imitation of models and observational
learning were key for development. He asserted that most of people’s behaviour is
learned through social learning, by observing the actions and also the consequences of
others, through which we learn rules for behaviour, which then guides our future actions
(Bandura, 1986).
The continued use of a technology requires that people construct meaning for the
technology in their lives. Further, how people share the meaning of a technology is also
needed to sustain it, and constructivism is involved in that shared inquiry. The
participants constructed knowledge in many ways. They connected the solar technology
to what they already knew themselves. They constructed knowledge by sharing what they
knew with others in the household. They developed their knowledge by learning more
about the solar technology through interaction with people at the solar technology
company, and with other people such as friends, neighbours, co-workers, and other solar
technology owners. During their social interactions, the participants—the passionate
initiators—with whom the solar technology knowledge originated, not only learned from
others, they also shared their knowledge about solar technology with others.
Current Technology Inspires Learning for the Future
Another aspect of knowledge acquisition arose during this study that was relevant
to answer the research question: What learning occurs within a group which sustains the
use of an appropriate technology? One of the unexpected themes that emerged in the
responses during the interviews was the occurrence of learning related to the participants’
future use of technology. For every participant, current engagement with the solar
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technology in their lives inspired learning that was connected to the technology use for
the future in expanded ways.
Frank noted that sustainable practices had become part of his lifestyle. He now
had solar collectors for both homes, an electric car, and a desire to someday live off the
grid (Frank, personal communication, November 23, 2017). Ella expected to continue
solar technology use while incorporating other sustainable practices, and also hoped to
eventually live off the grid (Ella, personal communication, February 20, 2018). Tom
planned to involve more solar collectors to power more outdoor equipment and expected
to eventually use solar shingles or a new, related technology about which he had learned
(Tom, personal communication, December 1, 2017).
Solar shingles were among Burt’s interests for incorporating further technology
use in his life. Dan expected to develop his existing technology, with his expanding
knowledge informing the changes (Dan, personal communication, November 29, 2017).
Kye’s learning about more efficient future power generation included considerations for
better batteries for storage of electricity (Kye, personal communication, January 12,
2018). Sue also shared that many of the solar technology clients had an understanding of
technology and watched for innovations. She clarified that learning was continuous (Sue,
personal communication, December 7, 2017).
The feature in common with all of the participants appears to reflect Bandura’s
(1986) assertion that “a growing body of knowledge, in turn, accelerates subsequent
learning (p. 60). Ideas for future application of technology were inspired in a variety of
ways by the participants’ current use. Reflecting the perspective that the shape and
meaning of technology come through social interactions (Pinch, Hughes, & Bijker,
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1987), the participants’ use of the solar technology, in effect, continued the meaning of it
for them, and further built upon the meaning of the technology for them.
Missing Data: Lack of Learning Post Installation
Sue explained that clients were instructed on all steps involved in adopting the
solar technology, both prior to choosing to install the technology and upon installation in
their homes (Sue, personal communication, December 7, 2017). Many of the participants
commented that the use of the solar technology in their homes was very easy. According
to the technology acceptance model (Davis, 1989), perceived ease of use is the degree to
which a person believes that the system will be effortless. The participants’ perceived
ease of use of the technology may have been significant enough that the participants did
not experience particular effort in understanding aspects of the technology once it was
installed in their homes.
The lack of available data for the learning about the system after installation could
constitute missing data (Dey, 1993), and is compelling in relation to the research
question. Singh and Richards (2003) wrote about the relevance of data that was missing
from participant responses. They asserted that “the more massive the missingness of data,
the more likely it is going to be a major theoretical indicator” (p. 3), suggesting that the
greater the absence of data, the more theoretical significance the absence carries. While
the small participant number precludes a key theoretical marker with this study alone,
consideration is warranted for the lack of data. This lack of data creates a lull in the
learning about the current system that I had suspected would continue. This lack of
learning that was noted by several participants was relevant. In my postulating prior to
the data collection, I anticipated that a significant amount of learning about the
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technology would begin upon installation, and then also continue for a time, with
ongoing use of the technology.
This is not to say that learning did not occur after installation. Relevant learning
did occur, as several participants noted, and as careful analysis showed. However,
participants clearly did not feel that learning about their newly-installed system, how to
read the monitor, and “all that” (Ella, personal communication, February 20, 2018) was
especially noteworthy, or needing articulation. Installation of their systems also helped to
inspire participants’ learning about related technology for their future use as well. Yet,
for participants, the relevance of the learning after installations was minimal compared
with the learning that the participants felt they had experienced prior to the decision to
install their systems.
While the system did not require a lot of learning, it is possible that participants’
recall of their experiences was sparse, especially when the installation was several years
before and at busy times in participants’ lives. However, the questions I asked
participants may have unintentionally contributed to the lack of data in this area. I believe
the situation was less about embedded biases as a researcher and more about opportunity
to expand on ideas. Had I asked more about the post-installation learning in different
ways during the interviews, perhaps participants would have recalled further details for
more available data. Participants received the study information well before the
interview, and questions did not seem surprising. Yet, even when people are comfortable
and questions are careful, articulating experiences can be difficult. Aware of this
occurring during the interview process, I adjusted for slower pace and greater comfort,
aiming to allow ample time to consider their learning around the time of installation. I
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found that more data was not available at the time. Participants also did not add
information after the interviews concluded. I did not know to term the data “missing”
until the data analysis later.
Sustaining Learning
Early in the writing of this research, new terminology was proposed to reflect the
two key concepts that were inherent in the phenomenon that was studied. The two
concepts of sustaining and the making of meaning were captured in a single new term,
and introduced in this document as sustaining learning. More fully then, the sustaining
learning was the phenomenon that the research aimed to reveal. In answering the research
question, the findings consequently defined the term sustaining learning. Thus, having
given the phenomenon a name, sustaining learning: is motivated by finances and helping
the planet; originates with a family member as a passionate initiator; highlights prior
knowledge by connecting with a passion in people’s backgrounds; involves learning with
others inside and outside the home; inspires learning for future applications, and;
involves less learning post installation than anticipated. As new terminology, the term
sustaining learning is readily applicable to many other instances that are related to this
learning. Consequently, this study provides an important contribution to this field in
presenting the concept of, and defining the parameters for, sustaining learning.
The mutual interdependence and co-responsibility of the four causes that
Heidegger (1977) described brings to mind the reciprocal causation of Bandura (1986)
and the co-creation of society and technology (Pinch, Hughes, & Bijker, 1986).
Interdependence was relevant for the participants too, in their understanding of
interconnectedness and sense of responsibility that contributed to their use of solar
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technology. Making the technology their own involved participants’ learning, but as
investment that betters their own lives as well as the world and life for us all. The
interdependence is also present in the nature of appropriate technology, which I described
in chapter 1 as technology that allows a balance of humans with their surroundings.
The integrity of appropriate technology as pro-environmental practice resonates
with likeminded people, as some of the participants noted. The sharing of this practice,
the learning of it together, becomes part of the co-responsibility of the four causes.
Heidegger (1977) explained the effect of the four causes balanced together as a bringing
forth, or starting something on its way to arrival. The responsibility encourages going
forward. In effect, this bringing forth is sustaining.
Limitations
This study involved solar technology as the particular appropriate technology that
was adopted and sustained related to the learning being studied. While solar technology
use may have some similarities with other types of technology, it may not be
representative of other situations. The learning in relation to solar technology adoption
and use may not transfer to the learning related to adoption and use of other technologies.
It was not possible to choose the participants personally, which created a type of
neutrality in recruitment. Having full knowledge of the potential participants from among
the company’s client list was not ethically sound. I was not privy to a client list, as the
names of clients should remain confidential. For recruitment, I was able to provide
information on the type of participants I hoped would agree to be involved in the study.
Specifically, I aimed to gather participants who lived in their home with other people,
given the social learning I sought to understand, and who had used their solar technology
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for, preferably, two years or longer. However, I was not able to know whether or not the
clients who were approached by the liaison as potential participants were the most
appropriate people for the study. Ultimately, a combination of purposive sampling and
convenience sampling was used (Ryan, 2010). The eventual participants were especially
motivated and self-governing, which, while being very insightful, may not be
representative of a general population. Thus, the transferability of these findings to other
settings may be limited.
A fuller understanding of the learning within a single home could be gained
through the collection and analysis of data from interviews and observation of other
people in the same household. Additional interviews gained from within the same
household could allow different perspectives, possibly of the same events, to be
illuminated. Of particular interest are the opinions of children involved in the technology
learning. For example, do the younger household members believe that they are
educating the older members about the use of the technology? Such expansion of data
from within a single household, and the ensuing findings, are the basis of a future study.
Implications
Through this study, I endeavoured to understand the learning that sustains the use
of an appropriate technology. With this study, I garnered principal findings that were
partly anticipated, given the extant research. Synthesizing these findings with previous
literature was gratifying, as I was able to situate my study among research that had
previously been conducted. The articulation of these findings for sustaining the use of
technology was also fresh in several ways, and their collection is relevant for contribution
to the literature. Of further significance, the collection of findings emanating from this
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study also generated a definition for the term sustaining learning, as learning that
facilitates the ongoing use of the appropriate technology which I proposed with this
study.
One aspect among the findings was unexpected and intriguing. In the participants’
comments, clear instances of learning directly related to the time of the technology
installation were less evident than anticipated. By the time of installation, however,
participants had indeed made connections with the technology. The lack of learning at the
time of installation put considerably more emphasis on people’s knowledge prior to the
installation for their construction of meaningful interactions with technology. As well as
aiding their perceived ease of use (Rogers, 1989), the participants’ background
knowledge was essential in their formation of meaningful connections with the
technology. Along with my other findings for the social learning of a technology, the
great importance of prior knowledge for the adoption and continued use of technology
becomes part of the contribution of this study to the literature.
Shareholders can capitalize on the findings of this study for their purposes. For
example, manufacturers can continue to capitalize on the financial motivation of people
to use solar technology, as well as on people’s interest in helping the planet through the
sustainable practice of appropriate technology use, such as solar technology use. Given
the social learning that occurs related to solar technology use, manufacturers of solar
technology might incorporate learning opportunities among family members during
customer relations workshops that allow interaction among parents and children about the
benefits of technology to promote its ongoing use.
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Solar technology companies might also provide readily accessible chances for
potential adopters to learn first-hand from people of a similar socio-economic status who
have already adopted the technology, and can provide insight that they have gleaned from
direct experience with the technology. With the data showing that participants’ current
solar technology use inspired their learning about the use of related technology in the
future, manufacturers might also be certain to incorporate information that educates and
encourages potential adopters to consider the relevance of adoption for other longerrange applications related to the technology in households. To help clients continue to
connect meaningfully with a technology, companies might seek to understand people’s
backgrounds and facilitate ongoing meaningful connections with people’s prior
knowledge that intersect with aspects of the technology.
Originators of the technology in a household, typically one adult, or spouses
jointly, might also benefit from the knowledge gained through this study. For example, an
adult who hopes to spark renewed interest in the technology among other family
members may wish to reaffirm the financial benefits as well as the pro-environment
aspects of the solar technology with other family members as ways to encourage
continued interest.
Appealing to other family members by helping them to make connections
between the technology and the family members’ interests can also be worthwhile. This
study showed that connections made with participants’ prior knowledge were highly
relevant for the learning. The family technology initiator can help others’ interest level in
the technology by encouraging meaningful connections to the existing knowledge of the
other adults and children in the home.
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The family member who initiates the technology for the home may also take
advantage of opportunities for learning about the solar technology which involve family
members sharing ideas and creating meaning about the solar technology together. For
example, during informal dinner conversation, connections can be made between topical
discussions related to technology or the environment with the solar technology of the
household. Such discussions can help all family members to construct deep meaning
among everyday elements of their lives with the solar technology.
The family member who is the solar technology initiator will further benefit to
know that many opportunities exist for learning about the technology among like-minded
people outside the home. These people may be other solar technology owners from whom
direct knowledge can be gained about the technology. Typically, the solar technology
company staff also provides helpful learning about the technology, whether officially
through times of information exchange, or casually, during more informal interactions
related to the technology. All of these experiences can be opportunities for learning more
about the technology through the social learning that commonly occurs. As in the
participants’ cases, like-minded people and company staff can also continue to exchange
information for ongoing learning experiences well beyond the first two years of use.
Opportunity for further research is compelling. The findings of this current study
indicate new directions for research in several areas. In particular, a study which follows
the general design of this study but involves more participants may provide expanded
insight into the meaningful connections that transpire. Purposive sampling in
combination with convenient sampling gathered participants for this study who were
especially motivated to adopt the technology, and possessed certain characteristics which
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were conducive to learning experiences which, in turn, facilitated their technology
adoption. Given the small number of participants, attributing the same characteristics to a
larger population of technology users may not be appropriate. Involving a larger number
of participants, or a random sampling technique, in a future study provides a chance to
examine others’ perspectives about their learning, with the potential to affirm
characteristics of adopters, or illuminate greater diversity in both adopter attributes as
well as the learning that occurs which facilitates the ongoing use of a technology.
A study that focusses on data from a single household may gather deeper insight
into the interactions for learning within a family unit. It would be helpful to understand
how family members inspire learning for other family members within the same
household in different ways. For example, perhaps younger family members play a more
important role in the learning toward technology adoption and continued use of the
technology than is understood with the current literature. It would also be worthwhile to
better understand what types of learning materials are especially influential among family
members toward adoption of a technology. For example, if online materials are more
effective for the learning of new adopters than printed materials, then this new
information becomes relevant for learning opportunities that can be created by solar
technology companies to help adopters to sustain the use of their technology.
A study with a focus that is similar to the current study, but with a
phenomenological lens, can investigate potential revelatory moments in the connections
that people make with their technology. A phenomenological study rather than research
with case study methodology has the potential to illuminate critical instances in people’s
learning that occur related to technology adoption and the ongoing use of technology,
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which may contribute to the understanding of precise moments of making connections
within the learning experiences. Such knowledge may be extremely beneficial for
pinpointing learning experiences and then finetuning practices to capitalize on that
knowledge for instruction and industry purposes.
Also, of importance is more research into families who explore the possibility of
solar technology adoption but then decide not to pursue the adoption. In particular, it is
worthwhile to investigate the learning that is specifically related to the decision making
process, and the learning that informs the eventual choice not to proceed with technology
adoption for different households. For example, in this study, little mention was made by
participants about being influenced in different ways by media toward their decisions.
How relevant is the influence of media as part of their learning toward these decisions?
For families who decide not to adopt the technology, what is their learning related to the
initial costs of adoption versus the long-term benefits of the adoption? Studies such as
these would contribute to a fuller understanding of the influences of learning in the
technology adoption process, and also involve a different perspective of technology
adoption. All of these studies could provide further opportunity to illuminate the nuances
of the learning that occur for sustaining the use of an appropriate technology.
Conclusion
For this qualitative inquiry, the data were carefully analysed to identify themes,
and interpreted with guiding perspectives including social constructivism (Vygotsky,
1978), social construction of technology (Pinch, Hughes, & Bijker, 1987), social
cognitive theory (Bandura, 1986), and the technology acceptance model (Davis, 1989) to
help to explain the phenomenon. This research unearthed several themes that contribute

139

to our knowledge as they answered the research question: What learning occurs within a
group which sustains the use of an appropriate technology?
The theme of Impetus for Technology Adoption: Finances and Helping the Planet
emerged from participants’ comments which demonstrated two key aspects of motivation
for their learning related to the technology use. Participants were motivated to use solar
technology for its financial benefits as well as pro-environmental reasons for using solar
technology as a sustainable practice helping to reduce their impact on the planet.
As a theme, The Passionate Initiators highlighted the key characteristics that
participants possessed in common, including being the family member who initiated the
solar technology for their households, sought learning opportunities about the technology,
and had a conviction for involving the technology in their lives. These characteristics lead
to the self-regulation, self-efficacy, and interconnectedness which were essential for
successful learning of, and sustaining the use of, the technology.
Passion as Connection, as a key theme in the findings, underscored the
importance of prior knowledge in the participants’ construction of meaning of the
technology. Dan, Frank, and Kye connected readily with the technology given their work
experience. Ella and Burt had a pro-environmental focus that sparked their initial
meaningful connection with the technology. Tom’s connection related to both his work
and his interest in the environment. While the meaning of the technology was multilayered for all of the participants, the initial connections that they made related to key
passions in their backgrounds.
As a theme of the findings, Learning with Others Inside the Home, gathered
numerous instances of social learning that participants experienced among family
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members within their households. Interactions between spouses and among parents and
children were fertile grounds for constructing meaning related to the technology.
Learning with Others Outside the Home emphasised the social learning that participants
experienced in relation to their solar technology adoption with friends, co-workers, other
solar technology owners, and the solar company staff.
The data for Current Technology Inspires Learning for the Future demonstrated
that participants commonly learned of applications related to their technology beyond
their current use of the technology. The participants also planned to continue their
technology use in different ways. This finding revealed how learning and current use of
the technology prompted further learning and use of the technology. Finding a Lack of
Learning Post Installation was also interesting, constituting a form of missing data (Dey,
1993), as half of the participants believed that they experienced a minimal amount of
learning after the installation of their systems. Instead, most of their learning took place
prior to their technology installation.
To review, the findings of this study were: Impetus for Technology Adoption as
Finances and Helping the Planet; The Passionate Initiators; Passion as Connection;
Learning with Others Inside the Home; Learning with Others Outside the Home; Current
Technology Inspires Learning for the Future, and; Lack of Learning Post Installation.
Within the themes, prior knowledge was also significant for the participants, indicating
that constructing meaning began before the technology engagement investigated in this
study. Together, the findings lead toward answering the research question.
The themes which emerged during this study lead toward answering the research
question and defining sustaining learning. Characterised by attempts to understand ways
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in which people construct meaning and connect meaningfully with an appropriate
technology to improve their lives, this study contributes to the literature with a direct
address of the learning that occurs for the enduring use of appropriate technology.
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APPENDICES
Appendix A

Letter of Information and Consent to Participant in Research

Letter of Information and Consent to Participant in Research
Name of Study: A Study of the Learning that Sustains the Use of an Appropriate Technology
You are invited to participate in a research study conducted by Tracey Gurbin from the Faculty of
Education at the University of Windsor. The study contributes to her PhD dissertation. If you
have questions or wish to participate in the study, you can contact Tracey at
or
. If you have other questions or concerns about the research, please feel free to
contact the Faculty Supervisor, Dr. George Zhou, in Windsor, at
.
Participant involvement in the study is confidential. Participation in the study is separate from,
and has no influence on, the solar technology company services.
PURPOSE OF THE STUDY
The use of appropriate technology improves lives. Appropriate technology involves relatively low
cost, small scale advancements that are appropriate for a specific context. They also fill a local
need and can be adapted for individuals or a particular community. Examples are found
worldwide, such as portable classrooms, fresh water wells, simple crop improvement techniques,
and solar energy. This mindful use of technology holds significant potential for humans to live in
harmony with their surroundings, toward solutions for the environment and standards of living
today.
We do not understand very much about successful use of a technology long term. It is important
to find out more from inside communities continuing to use an appropriate technology
successfully. The purpose of this research is to explore how people make meaning of an
appropriate technology in their lives in learning processes that allow the enduring use of a
technology, from a perspective inside a group which successfully continues the use of the
technology. The study has the main research question: What learning occurs within a group
which sustains the use of an appropriate technology? Questions that support this fundamental
question will be asked of participants to better understand their learning.
The proposed research will be a qualitative inquiry into the learning in a group of people related
to an appropriate technology. Field work to gain first-hand accounts of participants will provide
greater insight into the learning that facilitates lasting use of a technology, allowing rich
description of learning experiences that occur, and a profound opportunity to deepen our
understanding. This study is unique because it focuses on people’s learning related to the use of
an appropriate technology. It is a rare study.
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PROCEDURES
Study information and request for consent to participate is provided in print. People can ask
questions, and take several days to decide whether or not to participate.
Executive (of the solar technology company) – If you volunteer to participate in this study, you
will be asked a few questions about your role, then to describe background about the technology
in the local area, and the learning and use of the technology that occur.
Home Owner (decision maker of household) – If you volunteer to participate in this study, you
will be asked to describe your role in the household, then how you and your family members
learn and teach each other about your solar technology, your views about the technology, and
how you use it in your home. You will also be asked to show with usual actions how you use the
solar technology.
Interview and Observation Times
Executive – 1 – 1.5 hours, with a potential additional one-half hour follow up. The time can be
held at your choice of place, such as the solar technology office.
Home Owner – 1.5 hours, with a potential additional one-half hour follow up. Ideally, the time is
held at your home for the natural setting, but, if needed, at the solar technology office.
The researcher will ask a few participants to provide feedback about study results at a later time.
Recordings of Interviews and Observation
It is important for the researcher to keep records of the information. In interviews and
observation, she will use pen and paper to write ideas that participants share, to help remember
and study information carefully. It is also very helpful to record ideas that participants share.
During interviews and observation, the researcher may involve audio, pictures, or video, using an
analog or digital device to record information.
Participants can view or hear their own recordings. After the study is done, the researcher will
destroy the records. A few pictures might be in the study report. Participants who do not want
audio or visual records can say no, or stop. If other people are in a recording, they decide if they
wish to be included.
POTENTIAL RISKS AND DISCOMFORTS
Risks of participation are considered minimal, no greater than participants encounter in their
everyday lives. No known risks are associated with involvement in the research. Participation is
voluntary. Participant may be assured that questions are for study purposes only.
The researcher will strive to treat household members respectfully, participants or not, and will be
happy to interact with all household members. Care will be taken to help participants feel safe
168

and comfortable.
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY
The successful use of a technology in this group is the basis of the study. The reasons for your
continued use of the technology are very important for other people to learn. Often, an
appropriate technology does not continue, and people do not benefit from it. By using solar
technology, people are doing something important to improve their families’ lives and also help
the environment. This research can demonstrate how other people can also benefit by using their
technology. Appropriate technologies exist all over the world, but this type of study is unusual,
and everyone can learn a lot. The findings will help to understand the learning and use of
appropriate technology for other situations now and the future.
COMPENSATION FOR PARTICIPATION
A small gift of appreciation will be provided at the researcher’s personal expense. Small gifts of
$20 Tim Horton’s gift cards for participating households and the executive will be given at the
end of the data collection.
CONFIDENTIALITY
Anonymity will not occur in data collection because the study requires direct involvement of
participants and researcher for interview, observation, and general contact related to the study.
Data collected verbally and visually, in field notes and recordings will be kept securely by the
researcher, and accessed only by the researcher for study use during time in the field. After data
collection is completed, the data collected will continue to be confidential and viewed only by the
researcher for study purposes.
Any information that is obtained in connection with this study and that can be identified with you
will remain confidential and will be disclosed only with your permission.
For confidentiality, the researcher will not share participants’ information with anyone. Given the
nature of the research, it is possible that more than one person may be present during interviews
and observation, such as a participant’s child.
As the research is an inquiry into social learning, it is appropriate that data collection will involve
more than one person, however, data will remain confidential and not shared with participants
whose interactions do not occur together. If a participant requires the conduct of an interview
and/or observation privately, without the interaction of others, the request will be respected.
Identifiers, which distinguish participants, will be removed for the reporting of the data in the
study, to help protect participant identity.
Data will be kept until the researcher’s dissertation research is completed with the approval of the
academic committee, and reporting of the study is complete for publication. Participants can
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review the audio and video recordings, although these will be kept confidential. Written and
typed records will be burned by the researcher. Audio recordings will be deleted if digital and
burned if analog, by the researcher. Copies or still recordings of documentation, records, or
artifacts will be destroyed by the researcher by burning or deletion, other than copies which may
be included in the document detailing the research. The lists of interview questions without
answers will remain as appendices in the final dissertation document, as study instruments.
Limitations to confidentiality relate to the natural setting and everyday activities involved in the
study, as the researcher cannot prevent home owners from sharing information. However, the
researcher will protect participant confidentiality that is in her control.
PARTICIPATION AND WITHDRAWAL
If a participant wishes to withdrawal, she or he should inform the researcher. Withdrawal will
have no intentional consequence from the researcher. A participant can withdraw until the time
the data is anonymized, when the source of the data can no longer be confirmed. A participant
will no longer be able to request withdrawal of her or his data after the data is anonymized. The
researcher may withdraw a participant from this research if circumstances arise which warrant
doing so, for example, should the participant knowingly cause the discomfort of others in relation
to the study.
FEEDBACK OF THE RESULTS OF THIS STUDY TO THE PARTICIPANTS
Upon completion of the study, participants will be sent, by email, a copy of the research article
intended for publication. With acceptance of the article for publication, participants will be
informed of the journal and anticipated date of publication.
SUBSEQUENT USE OF DATA
These data may be used in subsequent studies, in publications and in presentations.
RIGHTS OF RESEARCH PARTICIPANTS
If you have questions regarding your rights as a research participant, contact: Research Ethics
Coordinator, University of Windsor, Windsor, Ontario N9B 3P4; Telephone: 519-253-3000, ext.
3948; e-mail: ethics@uwindsor.ca
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SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE
I understand the information provided for the research entitled A Study of the Learning that
Sustains the Use of an Appropriate Technology as described herein. My questions have been
answered to my satisfaction. I understand the request for my information in audio or visual
recordings, and I can choose not to have the recordings. I agree to participate in this study. I have
been given a copy of this form.
______________________________________
Name of Participant
______________________________________
Signature of Participant

___________________
Date

SIGNATURE OF INVESTIGATOR
These are the terms under which I will conduct research.
_____________________________________
___________________
_
Signature of Investigator

Date
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Appendix B

Questions for Company Executive Participant

1. What is your role with this organisation?
2. How long have you been with this organisation?
3. Were you here when solar technology was first being installed in this area?
4. Was there much interest when you started?
5. How was it received when you started implementing? Were home owners excited?
Concerned?
6. Was anything exciting in particular?
7. Was anything concerning in particular?
8. What are the benefits? Were they expected? Are there other benefits unexpected?
9. What are the challenges? Were they expected? Are other challenges unexpected?
10. Has the level of interest of solar technology changed?
11. Has customer knowledge about solar technology changed over time (more knowledge
now)?
12. Have there been changes in the way solar technology has been implemented
residentially?
13. For residential installation, what is the process now? How long is the process?
14. What education do customers receive before installation? How about after installation?
15. What learning had to happen to start? What did home owners learn?
16. How does that learning occur? How do they learn it? Who teaches them?
17. What learning do you find happens among family or group members?
18. Do you think certain types of learning are effective for the solar technology?
19. What do you think contributes to home owners’ successful ongoing use of the
technology?
20. How much do you think their learning contributes to the success?
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Appendix C

Questions for Homeowner Participants

1. How did you become interested in using solar technology in your home?
2. When you first became aware of solar technology, what did you think about the idea?
3. What does the solar technology mean to you?
4. What does the solar technology mean to your family?
5. What did you know about solar technology before you had it installed?
6. Have your ideas about using the solar technology changed?
7. How have your ideas changed?
8. What have you learned about the solar technology since installing it?
9. How have you learned more about it?
10. How have your other family members learned about your solar technology?
11. What do other people (e.g. neighbours, friends) say about your solar technology?
12. Have you informed other people about the technology?
13. Does the solar technology make your life better?
14. Do you talk about the solar technology with other people?
15. Have you had any unexpected benefits or concerns with it?
16. Can you show/tell me what is involved in using and maintaining it?
17. How did you learn these aspects?
18. Did anyone else help you to understand the solar technology?
19. Was it difficult to learn?
20. Who/What helped you understand it the most?
21. Do you expect to continue your use of the solar technology?
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Appendix D

Source Literature Excerpts
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Appendix E

Archival Material Example
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